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ULTRAVIOLET 


AND VISIBLE 


ABSORPTION MEASUREMENTS 


‘ | oF ad zy 
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The Unicam SP.500 Quartz Spectrophotometer is designed for the rapid and 
accurate identification, qualitative and quantitative analysis of chemical solutions by 
measurement of light absorption or transmission at wavelengths from 2,000A to 
10,000A. This instrument combines simplicity of operation with performance factors 
of a high order, including fine resolution, an excellent degree of reproducibility, and 
exceptionally stable dark current, which reduces the necessity for check readings. 
The adaptability of the spectrophotometer is increased by the addition of accessories. 
These include a reflectance attachment for the measurement of opaque surfaces, a 
fluorimetry or nephelometry attachment and a 10cm cell housing to facilitate the 
examination of gases or vapours. 


Delivery can now be made from stock. 


An illustrated leaflet describing the instrument in detail will gladly 
be sent on request. 


UNICAM 


UNICAM INSTRUMENTS (CAMBRIDGE) LTD., ARBURY WORKS, CAMBRIDGE, ENGLAND 
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PYREX 


Regd Trede Mark BRAND 


Standard Interchangeable Ground 
Glass Joints simplify apparatus assembly 








THis practical development of ‘PYREX’ Scientific Glass- 
ware is strictly in accordance with B.S.S. No. 572/1950. 


Because these ground glass joints are standard and inter- 
changeable, they not only simplify apparatus assembly, 
but also ensure perfect fit and freedom from leaks. 
Standard adaptors make possible smooth interchange 
between vessel and vessel. 


In addition, the sturdy strength of the joints, and the 
robust walling of the tubing are a distinct protection 
against fracture, whether this be due to rapid exchange 
of temperature or actual physical shock. 


These characteristics make ‘PYREX’ Scientific Glassware 
distinctly safer and more reliable than ordinary glassware 
thus leading to greater economy in usage. 


A full list of the various 
ground glass joints and 
adaptors is given in our 
catalogue of ‘PYREX’ 
Scientific Glassware 
which will gladly be sent 
on application. 


. 
em 


USE THIS COUPON. 
To Messrs. James A. Jobling & Co. Ltd. 


Please send us illustrated catalogue of ‘PYREX’ 
Brand Laboratory and Scientific Glassware. 


PYREX 


Regd. Trade Mark BRAND 
Laboratory and 


4 . * - 
Scientific | Glassware 


Name 





Address ....... 





made by  Midenidkensnetebianeesbaddtheeeaeerreeseeaeaws 


JAMES A. JOBLING & CO. LTD., 


Wear Glass Works, SUNDERLAND. 
The original and only makers of ‘PYREX’ Brand Glass in the United Kingdom. s,0:a 
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LOOKING AROUND STANLOW 


Where {swe} chemicals are made for industry 


THE POLYMERISATION AND CONVERSION UNIT 


In the continuous process by which chemicals are manufactured 
from petroleum at Stanlow, the acetone produced is the starting point 
of an interesting series of further reactions which provide 
other valuable chemicals. In the presence of a catalyst 
the molecules of acetone condense to give diacetone alcohol. 
This, in turn, can be dehydrated in the presence of a catalyst to produce 
mesityl oxide; and mesityl oxide, also in the presence of a catalyst, 
can be hydrogenated (with the hydrogen produced earlier in the manufacture 
of acetone and methyl ethyl ketone) to give methyl isobutyl ketone. 
Other products of interest to the chemical industry, 
made by Shell in other parts of the world, include allyl alcohol, 
allyl chloride, epichlorhydrin, glycerol dychlorhydrin and hexylene glycol. 


SHELL CHEMICALS LIMITED, NORMAN HOUSE, 105-109 STRAND, LONDON, W.C.2 


LAS 5 (DISTRIBUTORS) 
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L. LIGHT & Co Lid 


Latest additions to our 1951 list 
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Sodium borohydride 
Sodium taurocholate 
Succinic acid peroxide... 
o-Sulphobenzoic anhydride 
Tetra-bromo-phthalic anhydride 
Tetracen . , 
Tetrachloro-benzoquinine 
Tetradecene 
5:6:7: 8-Tetra-hydro- ~ oe 
naphthylamine ; 
Tetramethyl ammonium 
bromide 
Thiodiglycollic acid 
Titanium metal powder .. 
p-a-Tocopheryl acetate concen- 
trate (1 g.=—250 mg. or 340 I.U, Vit. E) 
Toluidine blue. ; 
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sec.-Undecyl alcohol (methyl nonyl 
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Yttrium chloride . : 


POYLE TRADING ESTATE 
COLNBROOK BUCKS ENGLAND 
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JOHNSONS OF HENDON 
ARE MANUFACTURERS OF 


LITMUS 


CUDBEAR 


ORCEIN 


Enquiries invited 


JOHNSONS OF HENDON LTD. 
LONDON, N.W.4 


Established 1743 

















EASTMAN 
ORGANIC CHEMICALS 


Well over 3,400 of these rare research chemicals 
are listed, and some of them are now stocked 
at Kirkby for rapid delivery to customers. 


Those in stock include: 
Pinacyanol Bromide 
Dicyanine Blue 
2.2.4-Trimethylpentane (spectro-grade) 
di-Methionine 
Epinephrine 
Benzeneazo-m-Cresol 
n-Octane 
Benzyltrimethylammonium Hydroxide 
Triethyl Phosphate 


Enquiries for these or any chemicals in Eastman List 
No. 37, in small or large quantities, should be sent 
direct to 


KODAK Limited 


KIRKBY TRADING ESTATE, LIVERPOOL 
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Pressure Proof 





ERMETO pipe couplings are capable 
of withstanding the highest industrial 
pressures and are extremely simple to use. Unaffected by vibration, 
they can be made broken and re-made indefinitely and are completely 
pressure tight under all conditions. 
We are always pleased to forward copies of catalogues, price lists, etc., 
covering our standard ranges of pipe fittings and high-pressure valves, 


SL) couruincs 


BRITISH ERMETO CORPORATION LTD., MAIDENHEAD, BERKS. 
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Du stproof Stoppered 
PEUGENbS 


When ordering your Labora- 
tory requirements be sure to 
specify Beatson, Clark Dust- 
| P Proof Stoppered Reagent 
ap are Beare ree Bottles. 
EATSO CLARK BEATSON, CLARK & CO. LTD. 


BOTTLES MANUFACTURERS OF CHEMICAL AND MEDICAL GLASS 
ROTHERHAM Established 1751 YORKS 
BO 73 
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The Polytechnic 


309 REGENT STREET, W.1 





Department of Chemistry and Biology 





Head of Department: H. LAMBOURNE, M.A., M.SC., F.R.1.C. 


The session 1952-3 (Day) will commence on the 16th September. 
There will be FULL-TIME DAY CouRsES for the following examinations: 
INTERMEDIATE SCIENCE. B.Sc. GENERAL. 

B.Sc. SPECIAL CHEMISTRY, BOTANY, ZOOLOGY. 

A.R.LC. : 

Botany and Zoology or Physiology may be taken with Chemistry 
for the B.Sc. General degree, or one of them as a subsidiary subject 
to the B.Sc. Special Degree in Botany or Zoology. 

EVENING CouRSES for the above examinations will commence on 
September 22nd, 1952. New students will be enrolled on September 
17th, 5-8 p.m. 4 
Prospectuses may be obtained on application to the undersigned. 

J. C. JONES, Director of Education 
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THE WORLD’S GREATEST BOOKSHOP 


* FOR BOOKS: Tracing 


New, secondhand and rare Books on every subject. Out-of-Print 
Stock of over three million volumes. Subscriptions Books 
taken for British and overseas magazines. 


119-125 CHARING CROSS ROAD, LONDON, W.C.2 
GERrard 5660 (16 lines) * Open 9-6 (inc. Sat.) 
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NO 
FIRE HAZARD 


WITH CONVEYOR BELTING 
MADE WITH GEON PVC 


With ordinary rubber coal-mine conveyor belting, 
frictional heat can lead to disaster . . . A belt 
stalled over a still-rotating driving drum .. . 
heat builds up... the belting catches fire... 
soon, fast-spreading flames are licking along 
the conveyor . . . This fire hazard is completely 
eliminated by belting made with Geon PVC— 
first because Geon PVC is more flame 
resisting, secondly because it is self- 
extinguishing. And as Geon PVC is also 
exceptionally resistant to surface wear, 
this belting withstands the constant jagg- 
ing of sharp, heavy loads with much less 
cutting, tearing and stripping. Products 
made with Geon PVC can be as tough as 
conditions demand— industrial protec- 
tive clothing, chemical tank linings, 
cable sheathing and floorcoverings, to 
name only a few. 
Please write for addresses of manufacturers who 


can supply these and other industrial products 
made with Geon* PVC. 


British Belting & Arshestos Lid. make this belting 
which, according to the 1930 REPORT OF HM 
INSPECTORS OF MIN ES (N. E. Diwision), “is 
better than ordinary rubber belting both from the fire and 
the economic points of view.” BBA. belting bas the 
registered brand name “ Scandura.”’ 


BRITISH GEON LIMITED 
Sales <» Technical Service: 


21 St. James's Square, London, 
SW. Tel: WHI 9561 


*Geon PVC materials are polyvinyl chloride plastics. Write for descriptive Booklet No. 92 free on request. “ Geo’ is a Registered Trade Mark 
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que REAGENTS 


PHENOLPHTHALEIN 
DIPHOSPHORIC ACID 


SODIUM SALT 











Phenolphthalein phosphoric acid In the form of its calcium salt was 
used by J. Bray and E. J. King for the detection of phosphates as an 
aid to the identification of certain micro-organisms (J. Path. and Bact., 
55, 315 (1943)). The calcium salt was prepared commercially by 
Hopkin & Williams Ltd., soon after the publication of this paper, 
but it has the inherent disadvantage of very low solubility in water. 
More recently it has been found possible to produce the sodium salt 
of phenolphthalein diphosphoric acid, which is a readily soluble salt, 
and the application of this improved reagent has been described in 
several papers, as follows :— 
W. H. Fishman, B. Springer and R. Brunetti— 
J. Biol. Chem., 173, 449 (1948). 
M. Barber, B. W. L. Brooksbank and S. W. A. Kuper— 
J. Path. and Bact., 63, 57 (1951). 
M. Barber and S. W. A. Kuper— 
J. Path. and Bact., 63, 65 (1951). 
The sodium salt, substantially free from uncombined phenolphthalein, 
is obtainable from Hopkin & Williams Ltd., and enquiries should be 
made to the undermentioned address. 


OD 


HOPKIN & WILLIAMS LTD 


Manufacturers of pure Chemicals for Research and Analysis 








FRESHWATER ROAD, CHADWELL HEATH, ESSEX. 
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IN OLD STAMBOUL 


Istanbul, once the heart of the great Ottoman Empire, is no less import- 





ant today, standing as it does where east and west meet. Those who still 
think of Turkey as a land of mosques and mystery, of veiled women and 
the hookah do not realise the immense strides that she has made in the 
last 25 years. Turkey has become a modern state with modern needs and 
the port of Istanbul is busy with ships bringing coal and cars, cloth 
and chemicals. Amongst Spence chemicals im- 
ported by Turkey are Aluminium Sulphate for 
her waterworks, paper and textile mills and 
Alum for native use in her centuries-old crafts 


of dyeing, leather tanning and skin dressing. 


He « 
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“A GUIDE TO 
FILTER PAPER and CELLULOSE POWDER 


CHROMATOGRAPHY 


Compiled by J. N. Barston and B. E. TaLBor 
Edited by Dr. T. S. G. Jones 


150 pages 10 illustrations Price 8 shillings 


Distributed through: H. K. LEWIS & CO. LTD., LONDON, W.C.1 
B. H. BLACKWELL LTD., OXFORD. W. HEFFER & SON LTD., CAMBRIDGE 


Mia | ee 


POLARIZING SPECIMEN TUBES 
MICROSCOPES 


: We are pleased to announce that we can 


a, : now supply transparent VITREOSIL (pure 
‘ : fused quartz) specimen tubes for use in 
X-ray analysis. 


Fused quartz is extremely transparent to 
X-rays, and such tubes are particularly 
suitable for use in high-temperature X-ray 
cameras or in other instruments in which 
high transparency to X-rays is essential. 


Length Bore Wall Thickness 
2in. 0°25-0°3 mm. 0°035-0°05 mm. 
Zin. 0°25-0°3 mm. 0°035-0°05 mm. 


In addition to the above tubes, we can also 
supply to customers’ specification, Thermal 
alumina ware supports for high-temper- 
ature X-ray cameras. 


tae THERMAL SYNDICATE iro 
Head Office: 
WALLSEND, NORTHUMBERLAND 
London Office: 
(ooke Troughion€ Simms 12/14 OLD PYEST., WESTMINSTER, S.W. | 




















Hl. K. LEWIS & Co. Lt ® yy Pari 13° * e omens r 
Scientific and Technical Books :: Large Stock of Recent Editions :: Catalogue on Request 
Foreign Books not in stock obtained under Special Licence 

LENDING LIBRARY Scientific and Technical 
Annual Subscription from Twenty-five Shillings Prospectus post free on application 


THE LIBRARY CATALOGUE revised to December, 1949. To subscribers |7s. 6d. net., to non- 
subscribers, 35s. postage Is. 3d. Bi-Monthly List of New Books and New Editions sent post free to 
subscribers regularly. 





H. K. LEWIS & Co. Ltd., 136, Gower Street, London, W.C.! 


Business hours: 9 a.m. to 5 p.m., Saturdays to | p.m. 











Telephone: EUSton 4282 (7 lines) aus 
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SOLVENTS? 
me PLASTICISERS? 


RESEARCH 


BISOL organic chemicals 


BRITISH INDUSTRIAL SOLVENTS LIMITED 
4 CAVENDISH SQUARE, LONDON, W.1. Langham 450 
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it’s safer to specify 


_...insist on M€a.B 





When ordering chemicals, do you simply list 
the items you need? It is safer and wiser to 
specify the brand that can be relied on. Why 
waste time and money on repeat experiments? 
For confidence in use, specify M&B Labora- 
tory Chemicals and Reagents. This range, 
comprising over 500 different specifications, 
is firmly established in academic and industrial 
laboratories throughout the world. 





The following points have found wide- 
spread appreciation:— 


Application to a wide variety of 
general laboratory procedures 
Controlled preduciion for purity 
and uniformity 

Specifications printed on the labels 
of the containers 

Containers specially designed for 
easy handling and maximum 
protection 

Pre-packed stocks ensuring prompt 
despatch of orders 








M&B LABORATORY CHEMICALS & REAGENTS 


Manufactured by MAY & BAKER LTD « DAGENHAM ¢ ENGLAND phone: 1LFord 3060 Extension 40 


Associated Houses: BOMBAY * LAGOS * MONTREAL * PORT ELIZABETH * SYDNEY * WELLINGTON - Branches and Agents throughout the world 
LA29 
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AT REIGATE EE 
OUR JOB 


AS ESSENCE MANUFACTURERS 


IS TO TAKE NATURAL PRODUCTS WHICH 
HAVE A FLAVOUR OR AROMA OR BOTH; 
EXTRACT FROM THEM THE PRINCIPLES RE- 
SPONSIBLE FOR THAT FLAVOUR AND AROMA, 
AND THEN PREPARE THESE PRINCIPLES IN 
SUCH A FORM AS TO BE EASILY AND CON- 
VENIENTLY AND ECONOMICALLY USED BY 
OUR CUSTOMERS. 





WE ARE SPECIALISTS IN THIS FIELD AND CAN 
OFFER GUARANTEED NATURAL PRODUCTS 
WHICH FOR QUALITY AND TRUE FLAVOUR 
ARE IN A CLASS BY THEMSELVES. 


REIGATE BRAND— 


VANILLA NATURA 
GRAPEFRUIT NATURA 


ORANGE NATURA 
(SWEET OR BITTER) 


ORRIS NATURA 
WHITE, TOMKINS & COURAGE, LTD. 


NORTH ALBERT WORKS, REIGATE 


TELEGRAMS: ESSWHITE, REIGATE TELEPHONE: REIGATE 2242-3 


ESTABLISHED 1841 
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JUDACTAN 


ANALYTICAL REAGENTS WITH ACTUAL BATCH ANALYSIS 
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Each batch 


ACTUAL Het ; subjected 
+? 


JUDACTAN > ba 
BATCH bs JUDEX ANALYTICAL REAGENT INDEPENDENT 


AMMONIUM CHLORIDE A.R. 


: NH,Cl. Mol. We. 53°50 
ANALYSIS ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 
Batch No. 10784 
Reaction A sop (10% solution) 
Non-volatile matter ............ 


ANALYSIS 





before 


label is printed 


Copper (Cu) 
ibssmases 0.000015% 
Iron (Fe) .......+. 0.0001% 
‘The above analysis le based on the results, not of our own Contro! Laboratories 
beowed by 


alone, but alse on the y 7 
Consultants of international repute 








Pere rIrrserrirriiriiiiii: 





Lescadacccina 


You are invited to compare the above actual batch analysis with the purities guaran- 
teed by the specifications of any competing maker in this country or abroad. 


THE GENERAL CHEMICAL & PHARMACEUTICAL CO. LTD. 


Chemical Manufacturers, Judex Works, Sudbury, Middlesex 
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Researches on Acetylenic Compounds. Part XXXIII.* The 
Preparation of Monosubstituted Derivatives of Diacetylenes. 


By J. B. ArmitaceE, E. R. H. Jones, and M. C. WHITING. 


By treatment of the mono- and di-sodium derivatives of diacetylene with 
alkyl halides or carbonyl compounds under suitable conditions, mono- 
substituted diacetylenes can be prepared. Some observations bearing on 
the mechanism of the reaction are discussed and syntheses of iododiacetylenic 
compounds are described. 


As a continuation of the work on disubstituted derivatives of diacetylene already reported 
(Armitage, Jones, and Whiting, /., 1951, 44), a number of monosubstituted derivatives 
have now been prepared, partly to make more complete the investigation of the light- 
absorption properties of diacetylenes reported in the next paper but more especially 
because of the possibility of coupling these compounds, to give conjugated alkatetraynes 
(see J., 1952, p. 2014). 

Hitherto only four monosubstituted derivatives of diacetylene have been prepared. 
2-Methylhexa-3 : 5-diyn-2-ol (I; R!=R®= Me) was prepared by heating the 
corresponding glycol (II; R! = R® = CMe,°OH) with alkaline reagents (Zalkind and 
Aizikovich, J. Gen. Chem., U.S.S.R., 1939, 9, 961). Penta-1 : 3-diyne (III; R = Me) has 
recently been obtained from sodium acetylide and either methylene di-iodide or propargyl 


HO-CR'R*C=C-C=CH R'1C=C-C=CR? RC=C-C=CH 
(I) (II) (III) 


bromide, reactions which imply a double prototropic rearrangement of the initially- 
formed penta-l : 4-diyne (Schlubach and Wolf, Annalen, 1950, 568, 141). The hydro- 
carbon so prepared had physical constants differing considerably from those recorded by 
Prévost (Compt. rend., 1926, 182, 854) for a compound, obtained by the dehydrobromination 
of 1: 2:3: 4-tetrabromopentane, to which the structure (III; R = Me) was assigned. 
Schlubach and Franzen have very recently obtained phenyldiacetylene, and have also 
disproved Grignard and Tcheoufaki’s claim (Compt. rend., 1929, 188, 359) to have made 
1-iododiacetylene and have prepared this compound themselves (Amnalen, 1951, 578, 105, 
115). In addition, the existence of methyl-, ethyl- and vinyl-diacetylenes in the high- 
boiling residues from the Hiils acetylene-synthesis process has been deduced, though these 
compounds were not isolated (see Copenhaver and Bigelow, ‘‘ Acetylene and Carbon 
Monoxide Chemistry,’’ Reinhold, p. 302). In Baeyer’s synthesis of tetra-acetylene- 
dicarboxylic acid (Ber., 1885, 18, 2272) a salt of (III; R = CO,H) was assumed to be an 
intermediate. 

The method previously described (Armitage, Jones, and Whiting, Joc. cit.), whereby 
1 : 4-dichlorobut-2-yne is dehydrohalogenated by sodamide in liquid ammonia to a sodium 
derivative of diacetylene which may then react im situ with alkyl halides or carbonyl 
compounds, has now been applied to the preparation of several monosubstituted 
diacetylenes. When three molecular proportions of sodamide were employed, a mono- 
sodium derivative was presumably formed, and addition of alkyl halides then resulted in 
the usual alkylation reactions. Thus methyl iodide gave penta-1 : 3-diyne (IIL; R = Me) 
with physical constants agreeing with those quoted by Schlubach and Wolf (loc. cit.). This 
unambiguous synthesis confirms the interesting rearrangement postulated by the latter 
authors. Penta-l : 3-diyne is very volatile and unstable, and it apparently forms an 
azeotrope with ammonia; the only satisfactory method of isolation devised involved 
extraction of the liquid-ammonia solution with butane, from which the pentadiyne was 
readily separated by distillation. 

Hexa-1 : 3-diyne (III; R = Et) and octa-1:3-diyne (II1; R= Bu) were readily 
prepared from the corresponding bromides in about 45%, yields; substitution of lithium, 
potassium, or calcium for sodium had little effect on the yields, and tle use of alkyl iodides 

* Part XXXII, J., 1951, 2652. 
6M 











1994 Armitage, Jones, and Whiting : 


also made no improvement, while ethyl toluene-f-sulphonate failed to react under the 
usual conditions. Allyl bromide gave a small yield of a hydrocarbon, b. p. 42°/150 mm., 
ny 1-4038, which may have been hept-l-ene-4 : 6-diyne (III; R = H,C:CH-CH,) (but 
see Armitage, Jones, and Whiting, loc. cit.); it could not be investigated fully because of 
the facility with which it decomposed explosively. 

Carbonyl compounds also reacted with monosodiodiacetylene. Thus acetone gave 
2-methylhexa-3 : 5-diyn-2-ol (I; R!= R® = Me), which crystallised on cooling and 
melted sharply ; its physical constants agreed only moderately well with those recorded by 
Zalkind and Aizikovich (loc. cit.), who obtained their specimen by regeneration from the 
silver derivative under rather drastic conditions. Benzophenone, butaldehyde, 
acetaldehyde, and formaldehyde similarly gave diacetylenic alcohols, that obtained from 
formaldehyde being particularly unstable. 

It was observed that in all these reactions an appreciable quantity of the corresponding 
diacetylenic glycol was formed. Because of this unexpected observation, and because of 
the importance of the reaction as a model for the synthesis of triacetylenic alcohols, the 


Alcohol and glycol formation from disodiodiacetylene and acetone. 
80 
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4 ee 
Time (minutes) 
j HO-CMe,-C=C-C=CH. 
@ HO-CMe,-C=C-C=C-CMe,-OH. 


reactions of acetone with mono- and di-sodiodiacetylenes were studied semiquantitatively. 
The two products, the alcohol (I; R! = R® = Me) and the glycol (II; R! = R! = 
CMe,*°OH), can readily be isolated in a state of purity with fairly small and constant 
experimental losses; the results are tabulated in the experimental section, and those 
obtained for the reaction between two molecules of acetone and one of disodiodiacetylene 
at —62° are illustrated in the diagram. It is obvious that these do not accord with the 
simplest representation of the reaction, as one involving two consecutive second-order 
reactions of the bifunctional addend C,-~; but attempts to find a satisfactory quantitative 
interpretation have proved unsuccessful. It is at least evident that the reaction (at —62°) 
takes place in two phases, the first leading to the formation of ca. 0-65 mol. of the alcohol 
and 0-18 mol. of the glycol (as their sodium derivatives) within a few seconds, the second 
to the conversion of the sodium derivative of the alcohol into that of the glycol very much 
less rapidly. The reason for the discontinuity after about 6 minutes is obscure. 

Perhaps the only conclusion which can be drawn with certainty is that the reactions 
between the diacetylide ion and the Me,C(O~):C,~ ion, and acetone, are extremely rapid, 
more rapid by several powers of ten than might be estimated from the usual reaction 
times allowed for the Nef reaction in liquid ammonia. It follows that the further reactions 
responsible for the second phase must be controlled by some process in which either the 
Me,C(O-)*C,- ion, or acetone, is formed slowly. The possibility that this reaction might 
be the slow dissociation of 2-aminoisopropanol, which might be formed rapidly from acetone 
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and ammonia, was eliminated by an experiment in which the acetone was added as a 
solution in liquid ammonia; the results were unaffected. It seems more probable that all 
the acetone which does not react by addition to the acetylide type ions present is converted 
by proton transfer into its conjugate anion, CH,°C(O~):CH,, at a comparable rate in a 
competing reaction [alternatively, the ammonia-adduct of the enolate ion, (CH,),C(O~)*NHg, 
%, > CH,-C(O-)=CH, + RCSCH 
(CH,),CO+ RCSC- “ ae ae 
%,—— (CH,),C(O-)-C=CR 
(R= HC=C, -CSSC or Me,C(O-)-C=C] 


might be formed]. This would then slowly regenerate acetone by the reversal of the 
reaction by which it was formed; of course the relative rates of the various reactions will 
differ according to the nature of the substituent R. 
The results for the reaction with monosodiodiacetylene (see Experimental) suggest 
that in liquid ammonia, even at —62°, rapid equilibrium is reached in the system : 
H-C,~ + Me,C(O-)-C,H => H,C,+Me,C(O-)C.- 2 ww eee iii) 


with the result that the glycol is formed [by further reaction of Me,C(O~)-C,~ with acetone] 
along with the alcohol even in a short period at —62°. The glycol then continues to be 
formed very slowly, now at the expense of the alcohol, the sodium derivative of which 
presumably disproportionates : 
Me,C(O-)-C=C-C=CH en Me,CO+-CSCCECH. . . . . . (iii 

The acetone then may condense with Me,C(O-)*C=C-C=C-, present because of 
equilibrium (ii). Evidence of these reactions was obtained when an attempt was made to 
prepare (II; R'= CMe,*OH, R? = I) by the action of iodine on the disodium derivative 
of (I; R' = R® = Me). The only product isolated was the diacetylenic glycol, formed by 
disproportionation. Similarly attempts to prepare unsymmetrical diacetylenic glycols by 
condensation of carbonyl compounds with the disodium derivatives of diacetylenic alcohols 
have given heterogeneous products. 

The difficulty of preparing penta-1 : 3-diyne in quantity renders its use in synthetic 
work inconvenient, and an attempt was therefore made to effect simultaneous alkylation and 
condensation by treating disodiodiacetylene with a mixture of methyl iodide and a carbonyl] 

si tae id .. compound. In this way hexa-2: 4-diyn-l-ol and 2-methyl- 
eT ee we hepta-3 : 5-diyn-2-ol (IV; R =H and Me, respectively) were 
obtained in moderate yields. Other compounds of this type could probably be prepared 
more easily by two-stage methods via the alka-1 : 3-diynes. 

The preparation of a group of 4-alkyl-l-iododiacetylenes by treating the sodio- 
derivative with iodine (cf. Vaughn and Nieuwland, J. Amer. Chem. Soc., 1933, 55, 2150) 
proceeded smoothly. Although good yields of iodo-diacetylenes could also be obtained 
from an alkyl halide, monosodiodiacetylene, and iodine in equimolecular proportions, 
spectroscopic examination suggested that these were somewhat heterogeneous, except for 
the crystalline 1-iodopenta-1 : 3-diyne. One specimen of 1-iodo-octa-1 : 3-diyne prepared 
in this manner detonated on distillation, the only substance (apart from triacetylene) 
obtained during the work on polyacetylenes in these laboratories which was responsible 
for a potentially dangerous explosion. 

The iodo-derivative of (I; R! = R? = Me), not obtainable via the disodium derivative, 
was readily prepared by the action of iodine on the Grignard derivative. 


EXPERIMENTAL 
All manipulations described in the following account were carried out as far as possible at 
or below room temperature, all distillations were effected in an atmosphere of purified nitrogen, 
and all monosubstituted diacetylenes were stored at —70° if they had to be kept for an 
appreciable time. 
General Method (Small Scale).—To a suspension of sodamide, prepared without mechanical 
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stirring in a small vacuum-flask from liquid ammonia (100 c.c.), sodium (6-9 g.), and ferric 
nitrate (0-05 g.) by the procedure described by Vaughn, Vogt, and Nieuwland (J. Amer. Chem. 
Soc., 1934, 56, 2120), 1 : 4-dichlorobut-2-yne (12-3 g.) was added slowly with shaking. After 
1 minute the second reactant was added, the mixture was set aside, and the product was 
extracted, usually with ether, from the inorganic residue after the ammonia had been allowed 
to evaporate. 

Penta-1 : 3-diyne (III; R = Me).—The reaction was carried out in a 3-l. vacuum-flask 
fitted with stirrer and inlet tube. To a suspension of sodamide, prepared from liquid ammonia 

2 1.), sodium (82-8 g.), and ferric nitrate (0-5 g.), 1 : 4-dichlorobut-2-yne (147-6 g.) was slowly 
added. After 5 minutes methyl] iodide (170-4 g.) was added, and the mixture was stirred for 
3hours. Most of the ammonia was then allowed to evaporate, butane (600 c.c.) was added with 
stirring, and the butane extracts were poured off and combined. Removal of the butane through 
a lagged 50-cm. Fenske column, fitted with a solid carbon dioxide—carbon tetrachloride 
condenser for partial reflux, left a brown liquid which was fractionated to give penta-1 : 3-diyne 
(19 g., 25%), b. p. 76-5°/742 mm., n¥ 1-4790 (Found: C, 93-5; H, 6-5. Calc. for C;H,: C, 
93-7; H, 6-3%) (Schlubach and Wolf, Annalen, 1950, 568, 141, give b. p. 76—77°, n? 1-4717). 

Hexa-1: 3-diyne (II1; R = Et).—The. reaction was carried out in a 2-l. vacuum-flask 
fitted with a stirrer. To a suspension of sodamide, prepared from liquid ammonia (800 c.c.), 
sodium (23-0 g.), and ferric nitrate (0-2 g.), 1 : 4-dichlorobut-2-yne (41-0 g.) was slowly added. 
After 5 minutes ethyl iodide (52-0 g.) was added, and the solution was stirred for 3 hours. After 
ether (100 c.c.) had been added, the ammonia was allowed to evaporate overnight and the 
product was extracted with ether (5 x 100 c.c.). The combined ether extracts were distilled 
through a 30-cm. Fenske column, and the residue fractionated to give hexa-1 : 3-diyne (11-5 g., 
45%), b. p. 59°/200 mm., n}P* 1-4772 (Found: C, 92:3; H, 7-9. C,H, requires C, 92-3; H, 
77%): 

Hydrogenation. Hexa-1 : 3-diyne (0-307 g.) was dissolved in ethyl acetate (50 c.c.), platinic 
oxide (Adams) catalyst (10 mg.) added, and the suspension shaken with hydrogen. The 
hydrogen uptake was 380 c.c. at 758 mm./18°, corresponding to 4-0 mol. 

Octa-1 : 3-diyne (III; R = Bu").—As prepared by the general method from sodium (3-4 g.), 
1 : 4-dichlorobut-2-yne (6-1 g.), and butyl bromide (6-9 g.) in liquid ammonia (100 c.c.) with a 
reaction period of 3 hours, this hydrocarbon (2-5 g., 47%) had b. p. 49°/47 mm., nj) 1-4755 
(Found: C, 90-5; H, 9-4. C,H,. requires C, 90-5; H, 9-5%). 

Penta-2 : 4-diyn-1-ol (I; R! = R* = H).—This very unstable alcohol was prepared by the 
general method from paraformaldehyde (6-0 g.) in ether (100 c.c.), a reaction period of 2 hours 
being used. Distillation of the crude product gave a liquid (6-0 g.), b. p. 33°/0-1 mm., 16 
1-5230, which solidified on storage; the alcohol was crystallised from pentane giving needles, 
m. p. 26—28° (Found: C, 74:5; H, 5-2. C;H,O requires C, 75-0; H, 5-0%). 

Hexa-3 : 5-diyn-2-ol (I; R! =H, R*? = Me).—Prepared by the general method from 
acetaldehyde (4-4 g.) in ether (50 c.c.), a reaction period of 2 hours being used, this alcohol 
(4:3 g., 46%) had b. p. 70°/11 mm., nf 1-5050 (Found: C, 76-6; H, 6-9. C,H,O requires 
C, 76:6; H, 64%). Though more stable than its lower homologue, it became deep red within 
5 minutes at room temperature. No crystalline 3 : 5-dinitrobenzoate could be obtained. 

Octa-5 : 7-diyn-4-ol (I; R!=H, R? = Pr).—Application of the general method to 
butaldehyde (7-2 g.) in ether (50 c.c.), with a reaction period of 18 hours, gave after distillation 
octa-5 : 7-diyn-4-ol (4-3 g.), b. p. 45°/0-1 mm., nf 1-4968 (Found: C, 78-4; H, 8-5. C,H,,O 
requires C, 78-6; H, 8-3%). This alcohol gave a crystalline 3 : 5-dinitrobenzoate, but a constant 
melting point and satisfactory analytical data could not be obtained because of rapid 
decomposition. 

2-Methylhexa-3 : 5-diyn-2-ol (I; R! = R? = Me).—Two experiments, typical of those 
tabulated on p. 1997, are described. During the course of this work the procedure was improved 
in minor respects, and the results are not quite equally reliable. 

(a) Sodamide was prepared from sodium (9-2 g.) in liquid ammonia (100 c.c.) with efficient 
mechanical stirring at —33°. The temperature was adjusted to —62° by direct addition of 
liquid nitrogen to the reaction mixture, while 1 : 4-dichlorobut-2-yne (12-3 g.) was slowly 
added. Acetone (11-6 g.) was added all at once, ‘afd after 6 seconds a solution of ammonium 
nitrate (15 g.) in liquid ammonia (50 c.c.), previously cooled to —62°, was quickly added. 
Isolation of the product gave a red oil which was distilled to give 2-methylhexa-3 : 5-diyn-2-ol 
(7-0 g., 65%), b. p. 39-5°/0-5 mm., n}} 1-4938, m. p. 8—9° (Found: C, 77-9; H, 7-5. Calc. for 
C,H,O: C, 77-7; H, 74%). The non-volatile residue was crystallised from water giving 
2 : 7-dimethylocta-3 : 5-diyne-2 : 7-diol (3-0 g., 18%) as needles, m. p. 133°. 
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Reaction between sodium derivatives of diacetylene and acetone. 
Reactant Acetone, Alcohol, 
(1 mol.) mols. Temp., °c. Time, sec. mols. 
- 2-00 —62 6 0-65 
s 2-00 —62 30 0-60 
2-00 —62 90 
2-00 —62 180 
2-00 i 360 
2-00 52 360 
420 
480 
540 
600 
600 
3,600 
7,200 
60 
300 
1,800 
3,600 
60 
60 
300 
60 
200 
60 
600 
3,600 
10,800 
66,000 05 0-415 


(b) Sodamide was prepared from sodium (6-9 g.) in liquid ammonia (100 c.c.) at —33° with 
efficient mechanical stirring. 1: 4-Dichlorobut-2-yne (12-3 g.) was added slowly and then, 
after 5 minutes, acetone (5-8 g.). After 1 minute ammonium chloride (10 g.) was added quickly 
and the ammonia allowed to evaporate. Isolation of the product gave a red oil which was 
distilled to give the alcohol (5-6 g., 52%), b. p. 45°/0-8 mm., n7? 1-4940. The residue was 
crystallised from water, giving the glycol (2-8 g., 34%), m. p. 133° (Zalkind and Aizikovich, 
loc. cit., give b. p. 59—61°/7 mm., nj 1-4859, for the alcohol). 

1: 1-Diphenylpenta-2 : 4-diyn-1-ol (I; R! = R? = Ph).—Application of the general method 
to benzophenone (18-2 g.) in ether (50 c.c.) with a reaction period of 30 minutes gave, after 
chromatographic separation, the alcohol (3-0 g.) which crystallised from light petroleum 
(b. p. 40—60°) as rhombs, m. p. 55—56° (Found: C, 88-3; H, 5-4. C,,H,,O requires C, 87-9; 
H, 5-2%). 

1-Iodopenta-1 : 3-diyne (II; R! = Me, R* = I).—To a suspension of sodamide, prepared 
from liquid ammonia (100 c.c.), sodium (6-9 g.), and ferric nitrate (0-05 g.), 1: 4-di- 
chlorobut-2-yne (12-3 g.) was added dropwise with shaking. After 5 minutes methyl] iodide 
(14-2 g.) was added, then, after a further 3 hours, iodine (25-4 g.), and the reactants were set 
aside for 3 hours. The ammonia was allowed to evaporate under ether, and the product 
extracted with ether (3 x 50c.c.). The combined extracts were washed with saturated sodium 
thiosulphate solution and water, and evaporated under reduced pressure to give a pale brown 
solid (14-0 g.). This was sublimed at 50° (bath temp.) /10-> mm. to give l-iodopenta-1 : 3-diyne 
(12-0 g., 63%), m. p. 34—35° unchanged after crystallisation from pentane (Found: C, 31-6; 
H, 2:0. C,;H,I requires C, 31-6; H, 1-6%). 

1-Iodohexa-1 : 3-diyne (II; R! = Et, R? = I).—Toa suspension of sodamide, prepared from 
liquid ammonia (100 c.c.), sodium (1-3 g.), and ferric nitrate (0-05 g.), hexa-1 : 3-diyne (4-5 g.) 
was added with shaking. After 5 minutes iodine (14-0 g.) was added; 3 hours later the ammonia 
was allowed to evaporate under ether, and the product was isolated with ether (3 x 50 c.c.). 
Removal of the ether under reduced pressure and distillation gave l-iodohexa-1 : 3-diyne (9-0 g., 
76%), b. p. 30°/0-01 mm., nP 1-6158 (Found: C, 35-1; H, 2-7. C,H,I requires C, 35-3; H, 
2-5%). 

1-Iodo-octa-1 : 3-diyne (II; R! = Bu®, R*? = I).—Treatment of the sodio-derivative of 
octa-1 : 3-diyne (5-3 g.) with iodine (12-7 g.) as described for the lower homologue gave, after 
isolation, the iodo-compound (9-6 g., 74%), b. p. 74°/10-°* mm., njf 1-5878 (Found: C, 41-2; 
H, 4:0. C,H,I requires C, 41-4; H, 3-9%). 

6-Iodo-2-methylhexa-3 : 5-diyn-2-ol.—To a solution of ethylmagnesium bromide, prepared 
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from magnesium (0-67 g.) in dry ether (30 c.c.), 2-methylhexa-3 : 5-diyn-2-ol (2-7 g.) was added 
and the solution refluxed for 1 hour under nitrogen. A solution of iodine (3-1 g.) in dry ether 
(25 c.c.) was added and the reaction mixture was refluxed for a further 1} hours. The solution 
was cooled and poured on ice, and the product isolated with ether. Distillation gave the iodo- 
alcohol (1-0 g., 34%) as a pale yellow, viscous liquid, b. p. 50°/10-5 mm., n}? 1-6095, 
which solidified when kept and was crystallised from pentane, giving needles, m. p. 53—54° 
(Found : C, 35-6; H, 3-2. C,H,OI requires C, 35-9; H, 3-0%). 

Hexa-2 : 4-diyn-l-ol (II; R! = Me, R® = CH,*°OH).—To a suspension of sodamide, prepared 
from liquid ammonia (100 c.c.), sodium (9-2 g.), and ferric nitrate (0-1 g.) in a small vacuum- 
flask, 1 : 4-dichlorobut-2-yne (12-3 g.) was added slowly with shaking. After 1 minute a mixture 
of dried paraformaldehyde (3-0 g.) and methyl iodide (14-2 g.) was added and the mixture was 
set aside for 18 hours before ammonium chloride (12 g.) was added. Isolation of the crude 
product and distillation gave the alcohol as a pale yellow, viscous liquid, b. p. 55°/0-1 mm., 
which solidified completely when kept and then had m. p. 36—38°. Hexa-2: 4-diyn-1-ol 
(1-5 g.; 11%) crystallised from light petroleum (b. p. 40—60°) as laths, m. p. 42—43°, which 
became salmon-pink when kept in light for 1 minute (Found: C, 76-4; H, 6-4. C,H,O requires 
C, 76-6; H, 6-4%). : 

2-Methylhepta-3 : 5-diyn-2-ol.—(a) To a suspension of sodamide, prepared from liquid 
ammonia (100 c.c.), sodium (4-6 g.), and ferric nitrate (0-05 g.) in a vacuum-flask, 1 : 4-dichloro- 
but-2-yne (6-1 g.) was added slowly with shaking After 1 minute a mixture of acetone (2-9 g.) 
and methy] iodide (7-1 g.) was added, and the mixture was set aside for 3 hours before ammonium 
chloride (12 g.) was added. Isolation of the crude product and distillation gave the alcohol 
(2-5 g., 40%), b. p. 84—94°/11 mm. It solidified on storage; 2-methylhepta-3 : 5-diyn-2-ol 
separated from light petroleum (b. p. 40—60°) as needles (2-0 g., 33%), m. p. 42—43° (Found : 
C, 78:1; H, 80. C,H, ,O requires C, 78-6; H, 8-2%). This compound was quite stable in 
light even at room temperature. 

(b) To a suspension of sodamide, prepared from liquid ammonia (100 c.c.), sodium (1-2 g.), 
and ferric nitrate (0-05 g.), penta-1 : 3-diyne (3-2 g.) was added with stirring After 5 minutes 
acetone (2-9 g.) was added; then after a further hour ammonium chloride (5 g.) was added, and 
the product isolated in the usual way. Distillation gave the alcohol (3-0 g.), b. p. 80°/11 mm., 
which was crystallised from light petroleum (b. p. 40—60°), giving needles (2-0 g., 33%), 
m. p. 43°. 


The authors thank Mr. E. S. Morton for microanalyses and Mr. B. L. Shaw for providing 
additional data for the above Table. One of them (J. B. A.) is indebted to the Department 
of Scientific and Industrial Research for a Maintenance Grant. 
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Studies on the Synthesis of. Diacetylenic Glycols. 


By J. B. Armirace, C. L. Cook, N. ENTwistle, E. R. H. JONEs, 
and M. C. WHITING. 


A study has been made of the effects of changes in the several variable 
factors which influence the copper-catalysed oxidative coupling of acetylenic 
alcohols to give conjugated diacetylenic glycols, leading to improvements in 
the convenience and range of application of this reaction. The ultra-violet 
light-absorption properties of a large number of diacetylenic compounds have 
been examined. 


THE oxidative coupling of acetylenic alcohols (Zalkind e¢ al., J. Gen. Chem. U.S.S.R., 
(a) 1937, 7, 227; 1939, 9, (b) 971, (c) 1725; Ber., 1936, 69, 128), e.g. : 
CuCI-NH,Cl 
2HO-CMe,-C=CH + O, ———— HO-CMe,*C=C-C=C-CMe,‘OH 
is one of a relatively small class of reactions in which two molecules are linked together 
directly to give a symmetrical product. Since it takes place under milder conditions than 
* Part XXXIII, preceding paper. 
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most of the alternative coupling processes (e.g. the Wurtz and the Kolbe reaction and the 
acyloin condensation) and frequently gives very high (>90°,) yields, improvements in 
its range of application are of considerable potential value. As originally described it 
gave satisfactory yields only with tertiary ethynyl-alcohols, and the first method adopted 
(Part XII; Bowden, Heilbron, Jones, and Sargent, J., 1947, 1579) to achieve such an 
improvement, t.e., the use of a higher reaction temperature, ca. 55°, is in one respect a 
retrograde step, inasmuch as many acetylenic compounds are unstable under these 
conditions. Accordingly, the various factors influencing the reaction have now been 
examined separately in order to find a method of effecting the reaction at room temperature 
which would nevertheless be applicable to secondary ethynyl-alcohols. 

Zalkind and Aizikovich [loc. cit. (a)} stated that the substitution of oxygen for 
air increased the rate of coupling of ethynyldimethylcarbinol about sixfold, but they 
apparently did not examine the use of oxygen with those (secondary) ethynyl-alcohols 
which gave very low yields by their standard procedure. When oxygen is used, and 
intimate contact between the two phases is ensured by using an atmospheric-pressure 
hydrogenation apparatus of the usual type, such alcohols couple quite rapidly at room 
temperature and give excellent yields of the expected glycols. Although it had been 
shown (Part XII, doc. cit.) that in many cases small (~0-2 mol.) quantities of cuprous salts 
were effective in promoting coupling, 7.e. that their action is catalytic, it was found that 
better yields of diol were obtained from ethynylmethylcarbinol when the original larger 
proportions (4—6 mols.) were employed. In all probability this is merely the result of 
the fact that cuprous salts accelerate the coupling reaction, increasing its importance 
relative to side-reactions. 

In earlier work strongly acid conditions were used for the coupling of acetylenic alcohols, 
whereas hydrocarbons have usually been coupled in ammoniacal solution (see inter al., 
Glaser, Ber., 1869, 2,422; Schlubach and Wolf, Annalen, 1950, 568, 141). To clarify this 
matter experiments on the coupling of ethynylmethylcarbinol were carried out at varied 
pH values. The cuprous chloride-ammonium chloride solution normally used has a pH 
value of about 3 before the acetylenic compound is added. This can be varied by addition 
of hydrochloric acid or ammonia; above about pH 5 the copper derivative usually 
precipitates. Despite this, the coupling reaction proceeds slowly, giving fair yields, 
though some of the copper derivative is unchanged at the end of the reaction. As Zalkind 
et al. (locc. cit.) observed, the reaction also takes place in strongly ammoniacal solution, 
but the alkaline solution (cuprammonium hydroxide is a strong base) clearly decomposes 
some of the product and yields are low. On the other hand addition of acid is also possible 
without having marked effects on the reaction period or yield. These results are tabulated 
in the experimental section. 

By using the conditions found to be optimal for ethynylmethylcarbinol, a number of 
other alcohols have been submitted to the reaction, with the results shown in Table 1. 
The yields listed refer to purified products. 


TABLE 1. Coupling of various acetylenic alcohols. 


Previous methods Previous methods 
Yield, Yield, 
Compound ( ; Compound 5 
HC=C:CH,"OH -- HC=C-CH,°CHMe-OH... 
HC=C-CHMe-O8 ... y HC=C-CH Ph-:OH 
HC=C-CH,°CH,°OH 2 42 HC=C-CH=CH'CH,’OH 848 


1 Product extracted continuously and recrystallised. * Product extracted continuously and 


distilled at 10° mm. * Product isolated by filtration and ether-extraction of filtrate. 4 Several 
attempts to repeat this original experiment gave yields of only 0—25%. 


a. For unpublished German work, see Copenhaver and Bigelow, ‘‘ Acetylene and Carbon 
Monoxide Chemistry,’ Reinhold, 1949, p. 121. b. Bowden, Heilbron, Jones, and Sargent, Joc. cit. 
c. Heilbron, Jones, and Sondheimer, /J., 1947, 1586. 


The control over the acidity of the solution which may be exercised without preventing 
the coupling reaction has permitted the oxidative coupling of the acid-labile ethyny]l- 
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propenylcarbinol, either to the glycol (I), or to the corresponding rearranged glycol (III). 
The results of carrying out this reaction at various acidities are tabulated in the 


pH 6-5; 93% 
CH,‘CH=CH-CH(OH)-C=CH ————> [CH,-CH=CH-CH(OH):C=C)}, (1) 


| 1; 81% 


(CH,°CH(OH)*CH=CH-C=C), (III) <— CH,-CH=CH-CH(OH)-C=C-C=C-CH=CH:-CH(OH)-CH, (II) 


experimental section. The presence of (II) was inferred from the absorption band at 
2840 A shown by the product, analogous to the highest wave-length band of propenyl- 
diacetylene, referred to below. 

It was found, rather unexpectedly, that hex-3-en-5-yn-2-ol was converted at pH 3 
into an uncrystallisable syrup, although this alcohol had given a 25% yield of 
crystalline (II1) in the earlier work (Bowden, Heilbron, Jones, and Sargent, loc. cit.). This 
syrup had light-absorption properties very similar to those of crystalline (III), and probably 
consisted of a mixture of isomers of this glycol (both cts-trans and meso-rac. isomerism 
are possible). 

The acid-catalysed rearrangement of (I) proved more difficult to effect than might have 
been expected. It did, however, take place to completion in a 10% (wt./vol.) solution of 
sulphuric acid in 95°, ethanol at room temperature. In order to verify the two-stage 


nature of the reaction (I asc II oaks III) and to determine approximately the ratio of 
k, to k, the reaction mixture was examined spectroscopically. A typical light-absorption 
curve for the acid solution when rich in (II) is compared with the spectra of (III) and 
propenyldiacetylene in Fig. 1. The glycol (III) has an absorption maximum (cf. Bowden, 
Heilbron, Jones, and Sargent, loc. cit.) at 3130 A (ec = 22,800) where neither (I) nor propenyl- 
diacetylene shows appreciable absorption (the latter hase = 70 at 3100 A). The glycol (II) 
shows a maximum at 2840 A, agreeing well with that of propenyldiacetylene at 2800 

(c = 11,000) at a wave-length corresponding to a minimum in the spectrum of (III) with 
Emin, = 6850. Since (I) is practically transparent at 2840 A it is possible to determine (ITI) 
directly from the intensity of absorption at 3130 A, and to estimate (II) by measuring 
€og49 Subtracting the contribution which can be ascribed to (III), and assuming eggq9 = 
11,000 for (II). Residual (I) can then be found by difference. The results so obtained 
and tabulated below are in practice accurate only so long as the proportion of (III) is 
fairly low. 


TABLE 2. Rearrangement of dodeca-2 : 10-diene-5 : 7-diyne-4 : 9-diol. 


Time, Amount of (I) Amount of (II) Amount of (IIT) 

i (1 — *) (* — y) y 108%, 
Found Calc.* Found Calc.t Found Cale.t from (ii) 

0-979 0-980 0-021 0-019 0-0008 0-0006 4-05 

0-924 0-923 0-073 0-075 0-002 0-002 3-94 

0-871 0-869 0-120 0-123 0-009 0-008 3-98 

0-781 0-771 0-195 0-207 0-024 0-022 3-92 

0-671 0-684 0-288 0-272 0-041 0-044 4-20 

0-615 0-607 0-315 0-323 0-070 0-070 3°83 

0-436 0-477 0-432 0-388 0-132 0-135 4-44 

0-410 0-375 0-408 0-417 0-182 0-208 3-64 

From equation (i). ¢ From equations (i) and (ii). t~ From equation (iii). 


== 
Ss 
y 


om 
mOmOoawty. 
ror Sr Sa Sr St Sr 


By assuming that each of the stages is pseudounimolecular and irreversible (Braude and 
Jones, J., 1944, 436), and by denoting the weights of (I), (I), and (III) in grams per 100 c.c. 
of solution after ¢ minutes as (1 — x), (x — y), and y, respectively, one may write the 
equations : 

Lanes. ..6. 6 che oe x 
2-303 1 
k, =- _ logig — 
y = {k,(l — e~**) — Rk, (1 — e— *4}/(Rg — Ry) 


9 
2 
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In the special case where k, = k, the integrated equation is 
LP at ee a rs 


From the experimental values of (1 — x), values were calculated for k,, the mean being 
4-0 x 10-3 with a standard error of 0-1 x 10%. By assuming the mean value, k, was 
determined approximately by substituting various values in (iii) and comparing calculated 
values of y with the experimental results at ¢ = 125; poor agreement was obtained except 
with k, = 2-5—3-5 x 10°%. Equation (iv) also gave results in poor agreement with those 
found. With k, = 3-0 x 10-3, however, agreement was good over a wide range of reaction 
times, a consequence which confirms the validity of the original hypotheses. 

Irreversibility and the absence of side-reactions, apart from partial etherification 
(cf. Heilbron, Jones, and Weedon, J., 1945, 81; Braude, Jones, and Stern, J., 1946, 396), 
were confirmed by the identity, within experimental error, of the final extinction coefficients, 
over the whole spectrum, with those of recrystallised (III). While much more precise data 
would be needed to make possible comparison of k, and k, for the rearrangement of (1) 
with corresponding constants for other similar reactions, the values obtained are of the 
same order of magnitude as those found for ethynylpropenylcarbinol itself (Braude and 
Jones, loc. cit.). 


Light Absorption of Conjugated Diacetylenes 


The absorption spectrum of gaseous diacetylene in the near ultra-violet was examined 
by Woo and Chu (J. Chem. Phys., 1935, 3, 541; 1937, 5, 786). Their observations were 
extended to the vacuum ultra-violet by Price and Walsh (Trans. Faraday Soc., 1945, 41, 
384). There are four well-defined regions; one of very low intensity between 2650 and 
2970 A, a wide range (<1700—2650 A) over which the absorption is of moderate intensity, 
and two regions of very intense absorption beginning at 1630 A and 1120 A. The last two 
were ascribed by Price and Walsh to Rydberg transitions, and the 1700—2650 A absorption 
to an N —~ V transition. Price and Walsh also examined hexa-2 : 4-diyne, which showed 
similar properties. 

Solution spectra of a series of conjugated diacetylenic glycols were described by 
Bowden, Heilbron, Jones, and Sargent (loc. cit.); but the only general conclusion which 
can be drawn from their results is that these compound show complex absorption of low 
and very variable intensity in the 2200—3000-A region, with important differences between 
compounds of very similar structures. In the course of the present work, and that 
described in Parts XXVIII and XXXIII, it became evident that these earlier results are 
misleading, and advantage was taken of the availability of many pure diacetylenic 
compounds to make a systematic study of the absorption of the diyne chromophore, by 
using photoelectric spectrophotometry. This proved somewhat difficult, because 
diacetylenes are often decidedly unstable and apparently decompose into ethylenic 
compounds showing high-intensity absorption. Accordingly, samples for examination 
were stored at —70° whenever necessary, and results inconsistent with those obtained for 
stable substances were checked by further purification or by the preparation of new samples. 
It then became evident that the light-absorption properties of diacetylenes are quite 
regular, and that their absorption does not extend, with appreciable intensity, beyond 
about 2650 A. 

The light-absorption properties of a number of diacetylenic hydrocarbons, alcohols, 
and glycols are summarised in Table 3. This includes results for the monosubstituted 
diacetylenes, which are unstable and for which the intensity values are doubtful to the 
extent of perhaps 20%, but contains no values which are likely to be grossly inaccurate. 
They suffice to show that the light-absorption of diacetylenes is approximately constant 
over a small range of substituents, and to permit the deduction that the substitution of 
alkyl for hydrogen in monosubstituted diacetylenes has only a small effect; the average 
bathochromic shift is 20 A for the longest-wave-length band, as against 50 A for alkyl- 
substitution in dienes. It also appears that «-hydroxyl groups have a detectable batho- 
chromic effect (average + 15 A); this is discussed in more detail in the following paper. 
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On the basis of the evidence presented in Table 3 a conclusion may be drawn regarding 
the structure of isanic or erythrogenic acid, first isolated from Onguekoa gore Engler by 
Steger and van Loon (Fette und Seifen, 1937, 44, 344), and later examined by Castille 
(Amnalen, 1939, 543, 104) who proposed the alternative formule (IV) and (V) and recorded 
the light-absorption properties of his specimen. Comparison of these with those of typical 

H,C=CH-C=C-(CH,),-C=C-(CH,],°CO,H_ (IV) 
H,C=CH“(CH,)},-C=C-C=C-[CH,],CO,H_ (V) 
vinylacetylenes (Jones and McCombie, J., 1943, 261) and with the diacetylene spectra 
recorded above eliminates (IV) and suggests that (V) is not the only substance present. 


On the other hand, the positions of the absorption bands are in very close agreement with 
those of propenyldiacetylene (Cook, Jones, and Whiting, forthcoming publication), and 


Fic. 1. 
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n 1 I. HO-CPh,-C=C-C=C-CPh,-OH. 
2400 Il. HO-CHPh:C=C-C=C-CHPh-OH. 
A,A III. HO-CPhMe-C=C-C=C-CPhMe-OH. 
IV. CH,-CH=CH-CH(OH)-C=C-C=C-CH(OH)-CH=CH’-CHy. 











the intensity-ratios of the three maxima of longest wave-length are also very similar in the 
two cases (Table 4). It can therefore be concluded that the specimen of erythrogenic acid 
examined by Castille was heterogeneous, and contained about 6% of a (presumably) C,, acid 
possessing a —C—C—C=C—C=C— chromophore. The crude glycerides obtained 
from Onguekoa gore show similar (but more intense) light-absorption (Dr. E. M. Meade, 
private communication), and it therefore appears that the same chromophoric system 
does indeed occur in a natural fatty acid. Dr. J. P. Riley (private communication) 
independently reached the conclusion that erythrogenic acid is heterogeneous. 

The fine structure in the light absorption of simple diacetylenes (Table 3) corresponds 
(the average separation between maxima is 2300 cm.~) to the very strong 2264 cm. band 
observed by Meister and Cleveland (J. Chem. Phys., 1950, 18, 255) in the Raman spectrum 
of hexa-2:4-diyne and ascribed to the symmetrical (A,) stretching of the molecule. 
Evidently the vibrational levels in this excited state show about the same spacing as in 
the ground state. In diacetylene itself prominent bands were observed at an interval of 
about 2100 cm.“! by Woo and Chu (loc. cit.) and were similarly assigned. 
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The aromatic diacetylenic glycols show light-absorption properties which deviate 
appreciably from those which might be predicted on the basis of the formally isolated 
chromophores present (Table 5 and Fig. 2). Similar deviations are observed in the case 


TABLE 3. Light absorption of diacetylenes (R1C=C-C=CR2) (Wave-lengths in A). 
D Cc B A 

Amax. (8) Amax.  () . (e) 
2270 (370) 2365 (390) 246 (210) 
2280 (300) 2375 (340) 2505 (210) 
2295 (300) 2380 (300) 25 (200) 
2265 (360) 2360 (330) 25 (160) 
2275 (360) 2385 (340) 2é (230) 
2280 (440) 2395 (390) 2% (240) 
CH,°OH — 2280 (415) 2390 (415) 53 (230) 
CHMe-OH - 2300 (280) 2390 (300) 2515 (190) 
CHPr-OH — 2275 (305) 2385 (325) 2525 (200) 
CMe,°OH 2290 (360) 2355 (300) 5: (170) 
CH,‘OH — 2305 (395) 2415 (385) 550 (245) 
CMe,*OH - 2290 (310) 2395 (330) 253 (190) 
CH,-OH 2205 (29% 2320 (410) 2440 (440) 2575 (260) 
CHMe-OH CHMe-OH ? 2205 = (22 2305 (320) 2425 (330) 2560 (210) 
CHMe-OH CHMe-OH 2 - 2320 (320) 2425 (330) 2560 (210) 
CHPr-OH 2330 (430) 2435 (470) 2565 (290) 
CMe,"OH 2% 2 2315 (330) 2420 (365) 25! (215) 
CMeEt-OH CMeEt-OH os 2315 (290) 2420 (330) 2: (190) 
CMe(OH):C,H,, ... CMe(OH)-C,H,, 2320 (390) 2420 (405) 256 (265) 
CMeBu"OH CMeBut-OH 2325 (300) 2430 (325) (195) 
C(OH)[CH,], C(OH)[CH,], - 2325 (320) 2430 (345) 2% (220) 
CH,-CH,-OH CH,CH,OH 2155 (330) 2280 (450) 2395 (490) 2 (330) 
CH,-CHMe‘OH ... CH,CHMe‘OH 2165 (300) 2285 (420) 2405 (455) f (295) 

1 a-Form, m. p. 103—106°. 2 p-Form, m. p. 67-5—68-5°. 


TABLE 4. Constitution of erythrogenic acid (Wave-lengths in A). 
Amax. Amax. (€) (€) Amax. (€) Amax. (€) 
Erythrogenic 
acid 227% 7 2400 (870) (700) 2666 (870) 2820 (700) 
Propenyldi- 
acetylene 2 2% 2380 (5000) 2510 (10,000) 2640 (14,000) 2800 (11,000) 


of dodeca-2 : 10-diene-5 : 7-diyne-4 : 8-diol; the presence of two isolated disubstituted 
ethylenic bonds does not sufficiently account for the intense absorption in the 2050— 
2200 A region (Klevens, Platt, and Price, J. Chem. Phys., 1949, 17, 466, and unpublished 

work in these laboratories). It seems clear that these 

. OH OH U-. effects are the result of electronic interaction of a type 
>, CH*C=C-C=C‘CH—< _ 7 ~=expressible by such formule as that shown inset, and 
: ~ ‘related to the pronounced auxochromic effects of pro- 
pargylic substituents discussed in the next paper. 

It is convenient at this point to refer to a remarkable property of some di- and poly- 
acetylenes briefly mentioned in Part XII (loc. cit.) and occasionally noted by earlier 
workers. Certain of these form crystals which are photolabile, giving intensely-coloured 
pigments, usually vivid red or blue. It now seems clear that this process is associated with 


TABLE 5. Light-absorption properties of (HO-CR!R*C=C), (Wave-lengths in A). 
R* Amex.  (€) Amax.  (€) Amex,  (€) 
CHMe=—CH 2325 (830) 2450 (790) 2590 (495) 
—_— 2475 (1300) 2605 (920) 
— 2445 (1020) 2580 (900) 
_— 2485 (2240) 2610 (1660) 


the crystal lattice of the substance concerned. Thus octa-3 : 5-diyne-1 : 8-diol is stable 
to light in the liquid state, whether in solution, above its melting point, or even as a super- 
cooled liquid; yet a deep red colour rapidly develops on the surface of the solid unless 
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light is carefully excluded. Octa-3 : 5-diyne-2 : 7-diol exists in two crystalline forms, the 
relationship of which is discussed below. The lower-melting form becomes pink on 
exposure to bright light—it is perhaps 100 times less sensitive than the diprimary isomer— 
while the higher-melting form is quite stable to light. These forms differ only in relative 
configuration at the mutually rather distant ~CHMe-OH groupings, and it seems impossible 
that this could imply any significant differences in chemical behaviour. Moreover, the 
possession of this property is quite unpredictable in incidence; thus octa-3 : 5-diyne- 
1 : 8-diol forms a photostable ditoluene-f-sulphonate (forthcoming publication), while 
hexa-2 : 4-diyne-1 : 6-diol, which is itself quite stable in light, forms a ditoluene-p- 
sulphonate which rapidly assumes an intense magenta colour in light. 

The general nature of the products of the action of light seems to be fairly constant 
over a wide range of di- and poly-acetylenes; they are always amorphous films, insoluble 
in organic solvents and in the fused acetylenic compound. The process by which these 
materials are formed is not understood. Oxygen, at least in more than minute traces, is 
not necessary, since pigment formation has been observed even when the substance was 
in a flask evacuated to 0-1 mm. (octa-3 : 5-diyne-1 : 8-diol) or during sublimation at 10° mm. 
(deca-2 : 4: 6: 8-tetrayne). In many cases, but not, for example, when tetra-acetylenic 
compounds are involved, the pigment itself shows considerable stability and has no 
tendency to undergo further decomposition. The most plausible mechanism at present 
envisaged involves the cross-linking of poly-yne chains, which in a favourable crystal 
lattice are perhaps held close to each other, as a consequence of photochemical activation. 


EXPERIMENTAL 


Light-absorption data were determined in alcoholic solutions, except where otherwise 
stated (hexa-2 : 4-diyne showed almost identical spectra in alcoholic and hexane solutions), 
a Beckman Model D.U. or a Unicam Spectrophotometer being used and corrected for scattered 
light below 2130 A. Melting points were determined on a Kofler block. 

Coupling reactions were effected by the method exemplified for dodeca-2 : 10-diene-5 : 7- 
diyne-4 : 9-diol below, but with modifications in the method of isolation indicated in Table 1. 
The results of varying the pH and the copper-salt concentration in the coupling of ethynyl- 
methylcarbinol are shown in Table 6; similar variations in pH in the case of ethynylpropenyl- 
carbinol have effects summarised in Table 7. 


TABLE 6. Coupling of ethynylmethylcarbinol (quantities in moles). 
Carbinol Time? Yield, % 
0-2 “f f 4 
0-2 12 
0-2 4 
0-2 4 
0-2 4 
0-2 14 
0-4 40 


tonnwwors 


TABLE 7. Coupling of ethynylpropenylcarbinol. 


Product,? % 





Time ! Total yield, % 2 (I) (111) 
6 68 ~0 100 
3 81 ~0 100 3 
4 88 95-5 0-4 
8 88 97 0-2 
10 93 99-5 ; 0-05 
1 To approximate completion, in hours. * After isolation with ether and recrystallisation from 


benzene. * Analysed spectroscopically. Note that the detection of small quantities of (I) and (II) 
in (III) is impossible. 


Dodeca-2 : 10-diene-5 : 7-diyne-4 : 9-diol (I).—A solution of ammonium chloride (80 g.) and 
commercial cuprous chloride (50 g.) in water (200 c.c.) was brought to pH 6-5 by adding ammonia 
solution (d 0-88; 25 c.c.), transferred to a 1-l. flask with a side-arm, and connected to a standard 
quantitative hydrogenation apparatus which was filled with oxygen. Ethynylpropenyl- 
carbinol (Jones and McCombie, /., 1942, 733) (19-2 g.) was now added and the contents of the 
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flask were shaken until the uptake of oxygen ceased. The resultant blue-green suspension was 
extracted with ether (6 x 100 c.c.) without preliminary filtration, which is unnecessary and 
rather difficult, and the dried extract evaporated and heated to 50° at 0-1 mm. to remove 
unreacted carbinol. The product (19 g.) crystallised during evaporation and was recrystallised 
from benzene, giving the glycol (17-6 g., 93%) as needles, m. p. 125° (Found: C, 76-05; H, 7-6. 
C,.H,,O0, requires C, 75-8; H, 7-4%). 

Dodeca-3 : 9-diene-5 : 7-diyne-2 : 11-diol (III).—The above experiment was repeated, except 
that before the carbinol was added the solution was adjusted to pH 1 by addition of 
concentrated hydrochloric acid (5 c.c.). Isolation of the product gave a slightly brown solid 
(19-0 g.) which was crystallised from benzene to give the pure glycol (15-6 g., 81%), m. p. 95° 
(Bowden, Heilbron, Jones, and Sargent, Joc. cit., give m. p. 94—95°). 

The other glycols were prepared essentially as described above, but with the modifications 
indicated in Table 1. Octa-3: 5-diyne-2 : 7-diol can be obtained in two forms, as stated by 
Zalkind and Gverdsiteli [/oc. cit. (b)], who give m. p. 67-5—68° and 108—109°, and their 
interconversion was studied in collaboration with Mr. E. B. Bates. As normally prepared the 
glycol is a mixture, which is converted by sublimation very largely into the lower-melting form ; 
after two such sublimations, in each of which only half the total material was sublimed, the 
lower-melting isomer was obtained as a photolabile crystalline powder, m. p. 67-5—68-5°. This 
may be recrystallised from benzene or carbon disulphide, giving well-formed rosettes of needles 
which, however, have m. p. 70—72°; continuing the sublimation gives material with m. p. 74— 
93°. The higher-melting form is best prepared by crystallisation from hot water, then from 
benzene, and forms needles, m. p. 103—106°, which are stable in light. Mixtures of the two 
forms have an intermediate melting point. The most probable explanation for these phenomena 
is that the two forms are meso- and racemic isomers which form solid solutions and are fairly 
easily equilibrated at higher temperatures. 


The authors thank Mr. E. S. Morton for microanalyses and Miss E. Fuller for light- 
absorption data. They also thank the Department of Scientific and Industrial Research 
(J. B. A.) and the Commonwealth of Australia Department of Supply (C. L. C.) for 
Maintenance Grants. 
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fluence of Propargylic Substituents on the Ultra-violet Absorption of 
Diacetylenes. 


By J. B. ArmiTaceE and M. C. WuHitINc. 


A number of 1 : 6-disubstituted derivatives of hexa-2 : 4-diyne have been 
prepared and their ultra-violet light-absorption properties have been 
examined. As compared with those of the parent hydrocarbon, they show 
progressive increases in both wave-length and intensity as the polarisability 
of the C-X bond increases; these shifts can be quantitatively correlated. 


PRELIMINARY examination of the light-absorption properties of conjugated diacetylenic 
compounds (see the previous paper) revealed an unusual dependence on the substituents 
attached to the carbon atoms adjacent to the chromophoric group. To make possible the 
more systematic investigation of this effect a series of functional derivatives of hexa- 
2 : 4-diyne-1 : 6-diol has been prepared. Advantage was taken of the fact that similar 
derivatives had already been prepared from but-2-yne-1 : 4-diol, and analogous methods 
in every case proved to be practicable. The compounds obtained (I; X = OMe, OAc, 
O-SO,°C,H,, Cl, Br, I, NMe,) were moderately stable, and all except the chloride and 
dimethyl ether crystallised; they were thus more suitable for spectrographic examination 
than most of the diacetylenic compounds described previously. Unfortunately attempts 
to prepare the corresponding methanesulphonate by the method used by Raphael and 


* Part XXXIV, preceding paper. 
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Sondheimer (J., 1950, 2101) for non-2-yn-l-ol failed completely, as did several variants 
of their procedure; apparently hydrolysis of the product is more rapid than the acylation 
reaction by which it is formed. 


XCH,C=C-C=C-CH,X XCHMe-C=C-C=C-CHMeX XCMe,*C=C-C=C-CMe,X 
(I) (II) (III) 


The ultra-violet light-absorption properties of the compounds obtained, together with 
that of (I; X = OH), are illustrated in Fig. 1. It is at once evident that these compounds 
have spectra resembling that of the parent hexa-2:4-diyne, but with shifts to lower 
frequency and higher intensity increasing in the order 

(X = ) H<OH,OMe<OAc<OTs<Cl<Br<I 
(the anomalous case of the bisdimethylamino-compound is discussed below). These 
shifts are of considerable magnitude, and moreover appear to be related to each other. 
Fig. 2 shows a series of graphs, one for each maximum in the typical diyne spectrum, 
showing the relation between frequency and log emax. for a range of substituents X; these 
are linear except that (I; X = OH) and (I; X = OMe) give points lying a little off the 
lines. 

The decrease in frequency resulting from the substitution of X for hydrogen in the first 
(t.e., lowest frequency) absorption maximum is a measure of the extent by which the 
substituent reduces the energy of the electronic transition responsible for absorption in 
this region. The increase in intensity is a measure of the distortion in the symmetrical 
m-electron system of the diacetylenic chromophore caused by the substituent, whereby 
the probability of the (forbidden) transition is increased. These two effects may both be 
ascribed to contributions from canonical forms of the types : 


x Ta 
CH, C=C-C=C-CH, and CH,=C=C-C=C-CH, 


x" _ 


the importance of which is evident from the high chemical reactivity of the halides and 
toluene-p-sulphonate, reminiscent of allyl halides, * and more directly from the electron- 
diffraction results obtained by Pauling, Gordy, and Saylor (J. Amer. Chem. Soc., 1942, 
64, 1753) for propargyl halides, which indicate an unusually long C-X bond. That they 
should be related to each other is not surprising, but such a relationship has not, so far as 
is known, been observed previously with any other group of similarly related compounds. 
From Fig. 2 it appears experimentally that the relationship is of the form 


A log e = kAv 


Variochromic effects due to “‘allylic’’ (or ‘“‘ propargylic’’) substituents differ funda- 
mentally from those observed when substituents possessing free electron-pairs are directly 
attached to unsaturated systems. Such allylic substituents might be described as hyper- 
conjugative auxochromes, in contrast to the better-known conjugative auxochromes. 
Like the latter, they may be divided into two classes according to whether the substituent 
accepts a partial positive or negative charge; the familiar bathochromic effects of alkyl 
groups on the spectra of conjugated dienes (Woodward, J. Amer. Chem. Soc., 1942, 64, 
72) are evidence of positive hyperconjugation, while the effects discussed in this paper 
exemplify negative hyperconjugation. The latter phenomenon was first postulated by 
Baker (J., 1939, 1155) and was invoked by de la Mare, Ingold, and Hughes to explain the 
difference in stability between the 1 : 2- and the 1 : 4-dibromide of butadiene (J., 1948, 
17). Unfortunately, few examples of compounds which might be expected to reveal 
spectrographic effects of this type have been examined; where the substituent is “ allylic ’’ 
rather than “‘ propargylic ’’ it is frequently difficult to be sure that the compound is free 
from its structural isomers. Nevertheless some scattered information is available—e.g., 
regarding the poly-w-chlorotoluenes (Hamner and Matson, J. Amer. Chem. Soc., 1948, 


* Recent work by Hennion and Maloney (J. Amer. Chem. Soc., 1951, 78, 4735), however, suggests 
that this analogy is only partial. 
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70, 2482) and 1 : 6-dibromohexa-2 : 4-diene (Bateman, Cunneen, Fabian, and Koch, /., 
1950, 936). The most conspicuous cases of such interaction are the styrylcarbinols (e.g., 
cinnamy] alcohol) studied by Braude and Timmons (J., 1950, 2000), in which bathochromic 
and hyperchromic shifts (Av = — 880cm.?; A log e = + 0-211) result from the introduction 
of a hydroxyl group into $-methylstyrene. During the preparation of the present paper 
Braude and Coles (J., 1951, 2085) have made further observations in this field. Another 
example is the relationship between vitamin A and its acetate; in the latter the whole 
spectrum is shifted by about 12 A (Av = — 160 cm.”) to longer wave-lengths (Dr. H. B. 
Henbest, private communication). A more extensive range of substituents is available 
in the system CH,-CHX-CH—CH-C=CH. (Table I). In every case bathochromic and 
hyperchromic displacements increase in the order X = H<OH<OAc<Cl<Br. 


Fic. 2. 


























X 
H O-SO,°C,H, 
OH Cl 
OMe Br 
OAc I 


An alternative interpretation of these effects was suggested by the observation that 
3-chloro- and 3-bromo-cholest-5-enes absorb much more intensely than cholest-5-ene 
itself in the 2100-A region (Dr. H. B. Henbest, private communication). This must be 
due either to some effect peculiar to the rigid steroid nucleus, e.g., to a modification of the 
steric strain inherent in ring B, or to a general tendency for polarisable substituents, not 


TABLE 1. Allylic substitution in vinylacetylenes. 
; € AA € 

H,-CH=CH-C=CH 222 10,800 infl. 2285 8,000 
H,*CH(OH)-CH>=CH-C=CH ! 22 13,000 infl. 2290 9,500 
H,*CH(OMe)*CH=CH-C=CH 2 2235 12,500 infl. 2290 10,500 
H,°CH(OAc)*CH=CH-C=CH 3 2235 13,000 

CH,*CHClCH=CH-C=CH ¢ 2260 14,000 

CH,°CHBr-CH>=CH-C=CH 4 23: 16,500 

1 Jones and McCombie, J., 1943, 261. * Heilbron, Jones, and Weedon, J., 1945, 81. * Braude, 
J., 1949, 794. 4 Henbest, Jones, and Walls, J., 1950, 3646. 


C 
C 
C 
C 
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necessarily allylic, to modify the light-absorption properties of nearby unsaturated centres, 
which might be sufficient to account for the data discussed above. 


XCH,CH,-C=C-C=C-CH,-CH,X (IV) 


The halides (IV; X = Cl and Br) were. therefore prepared (as stable solids, by the action 
of lithum chloride and calcium bromide upon the corresponding ditoluene-f-sulphonate), 
and their light-absorption properties were determined. In Table 2 these are compared 
with those of related hydrocarbons and (IV; X = OH). 

The effects of $-substituents are evidently of smaller magnitude than those of «-sub- 
stituents; although some slight modifications, especially in the intensity of a forbidden 
transition, are to be expected when a polarisable substituent is introduced near an un- 
saturated centre, the pronounced variochromic effects discussed above are specific for 
the «-position, in which hyperconjugative interaction is possible. 

It might be expected that if groups with a strong —J effect in the 1 and 6 positions of 
hexa-2 : 4-diyne reduce the energy of the electronic transition, then the substitution of 
methyl groups in the same positions should have the opposite effect. Such is apparently 
the case (Table 3) though, as again would be expected, the magnitude of the shift is small ; 
fortunately the sharp bands permit the accurate measurement of the positions of the 
maxima. 

In discussing the effects produced by various substituents it was pointed out that 
(I; X = NMe,) was anomalous, giving a spectrum in which the characteristic fine structure 
had almost disappeared, while (I; X = OH and OMe) showed slight deviations from the 


TABLE 2. 1: 8-Disubstituted derivatives of octa-3 : 5-diyne (IV). 
= Ve Reine 6 Rees A 
Compound Cc B y, 
2275 360 2385 340 
440 2395 390 
450 2395 490 
440 2410 490 
895 2420 895 


TABLE 3. Comparison of diynes of types I, II, and III. 
(a) Glycols. 
i. © ha a) 
B A 
(I; X = OH) 231i 2440 440 2580 250 
(II; X = OH) 232 y 2425 330 2560 210 
(III; X = OH) 2315 2420 365 2550 8 215 
(b) Chlorides. 
D C B A 
2260 1080 2390 =1810 2530 2090 2670 1360 
2270 =1190 2380 §=1930 2520 2180 2660 1440 
2260 1210 2375 1750 2510 2090 2650 1330 
* Forthcoming publication. 


A log ¢ = kAvrelationship. While the cause of these anomalies is uncertain, it is perhaps 
significant that these are the only groups investigated which show strong +7 effects, 
and that the dimethylamino-group with the strongest +7 effect also shows the greatest 
spectroscopic anomaly. 

The spacing of the vibrational fine structure in the spectra of the compounds (I) 
diminishes somewhat as the wave-length and intensity increase, indicating that substituents 
like chlorine reduce the energy of the symmetrical stretching vibration (A ,) of the diacetylene 
system in the excited state. The corresponding ground-state frequency in acetylenes is 
not markedly affected by such propargylic substituents (Wotiz, Miller, and Palchack, 
J. Amer. Chem. Soc., 1950, 72, 5055). In compounds (I; X = Br and I) this effect is 
partly spurious, being to some extent the result of the superposition of rising absorption 
attributable to an intense transition with Amax. below 2050 A, and presumably analogous 
to the ultra-high-intensity bands of the higher poly-ynes discussed later (pp. 2012, 2015). 
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With (I; X = I) (but not the bromine analogue; see Fink and Goodeve, Proc. Roy. Soc., 


1937, A, 163, 595) absorption by the iodine atoms affects the spectrum at shorter wave- 
lengths. 


EXPERIMENTAL 


Absorption spectra were obtained with a Beckman DU or Unicam spectrometer, alcoholic 
solutions being used. In the case of (I; X.— NMe,) a 0-01% alcoholic sodium hydroxide 
solution was used. The maximum shown for (I; R = O*SO,°C,H,) was obtained from a 
subtraction curve, by using ethyl toluene-p-sulphonate to eliminate the absorption of the 
aromatic groups; this could not be done below 2500 A, where such absorption becomes too 
intense. 

1 : 6-Diacetoxyhexa-2 : 4-diyne.—Hexa-2 : 4-diyne-1 : 6-diol (5-9 g.) was dissolved in dry 
pyridine (10 c.c.), and acetic anhydride (5-8 c.c.) was added with stirring at —5° during 15 
minutes. The mixture was allowed to warm to room temperature, stirred overnight, and 
treated with water. The product was isolated with ether and fractionated to give 1: 6- 
diacetoxyhexa-2 : 4-diyne (8-0 g., 80%) as an oil, b. p. 60° (bath temp.)/10¢ mm., n? 1-5145, 
which crystallised on cooling; the solid had m. p. 14—16° (Found: C, 61-4; H, 5-4. C,H, 0, 
requires C, 61-8; H, 5-2%). 

1 : 6-Dimethoxyhexa-2 : 4-diyne.—Hexa-2 : 4-diyne-1 : 6-diol (2-0 g.) was stirred under 
nitrogen with a solution of sodium hydroxide (4-0 g.) in water (30 c.c.) while methyl sulphate 
. (5-0 g.) was added dropwise during 3 hours. After 24 hours the product was isolated with ether 

and fractionated, giving 1 : 6-dimethoxyhexa-2 : 4-diyne (1-0 g., 40%), b. p. 60°/0-01 mm., n? 
1-5000 (Found : C, 69-1; H, 7-5. C,H,,O, requires C, 69-5; H, 7-3%). 

Hexa-2 : 4-diyne-1 : 6-diol Ditoluene-p-sulphonate.—Hexa-2 : 4-diyne-1 : 6-diol (6-9 g.) and 
toluene-p-sulphonyl chloride (28 g.) were dissolved in acetonitrile (50 c.c.), and the resultant 
solution was stirred and cooled while a solution of potassium hydroxide (7-0 g.) in water (12 c.c.) 
was added slowly during 15 minutes, the temperature being kept at 20—25°. The mixture 
was stirred overnight and then treated with water (75 c.c.) and ether (50 c.c.). The ethereal 
solution was washed with sodium hydrogen carbonate solution and water and dried. Removal 
of the solvent gave a syrup from which the product was obtained as a pink solid, m. p. 92—94°, 
by the addition of methanol (150 c.c.). The ditoluene-p-sulphonate (20-0 g., 77%), crystallised 
from methanol as large plates, m. p. 96°, which became pink on exposure to light (Found : 
C, 57-7; H, 4-6. Cy9H,,0,S, requires C, 57-4; H, 43%). 

1 : 6-Dichlorohexa-2 : 4-diyne.—Hexa-2 : 4-diyne-1 : 6-diol (96 g.) was dissolved in dry 
pyridine (128 c.c.), and thionyl chloride (152 c.c.) was added dropwise during 3 hours with 
stirring and cooling, the temperature being kept at 10—20°. The mixture was allowed to 
warm to room temperature, stirred overnight, and treated with ice. The product was isolated 
with ether and fractionated to give 1 : 6-dichlorohexa-2 : 4-diyne (102 g., 80%), b. p. 54°/0-1 
mm., n} 1-5750 (Found: C, 49-3; H, 2-7. Calc. for C,H,Cl,: C, 49-0; H, 2-7%) (Hunsmann, 
Ber., 1950, 88, 213, gives b. p. 65°/0-1 mm., mf 1-5740). 1: 6-Dichlorohexa-2 : 4-diyne has 
skin-irritant properties. 

- 1 : 6-Dibromohexa-2 : 4-diyne.—(a) Calcium bromide (7-5 g.) was dissolved in dry ethanol 
(75 c.c.), and hexa-2 : 4-diyne-1 : 6-diol ditoluene-p-sulphonate (10-5 g.) was added. The 
mixture was refluxed for 15 minutes, and the product was isolated with ether, giving, after 
distillation, 1 : 6-dibromohexa-2 : 4-diyne (3-0 g., 50%), b. p. 100° (bath temp.) /0-01 mm., n? 
1-6432, which solidified on cooling; the solid had m. p. 16—18° (Found: C, 30-5; H, 1-9. 
C,H,Br, requires C, 30-5; H, 17%). 1: 6-Dibromohexa-2: 4-diyne is a powerful vesicant. 

(b) Hexa-2 : 4-diyne-1 : 6-diol (5-9 g.) was suspended in benzene (40 c.c.) and phosphorus 
tribromide (13-7 g.) was added dropwise at room temperature with stirring; the stirring was 
continued overnight. Ice-water was added and the product isolated with ether to give 
1 : 6-dibromohexa-2 : 4-diyne (8-3 g., 65%), b. p. 50° (bath temp.) /10~+ mm., n? 1-6420. 

1 : 6-Di-iodohexa-2 : 4-diyne.—Sodium iodide (5-0 g.) was dissolved in dry ethanol (50 c.c.), 
and hexa-2 : 4-diyne-1 : 6-diol ditoluene-p-sulphonate (4-5 g.) in dry chloroform (20 c.c.) was 
added, the mixture being kept in the dark for 24 hours. Water was then added and the product 
was isolated with ether and crystallised from light petroleum (b. p. 40—60°), giving 1 : 6-di- 
iodohexa-2 : 4-diyne (2-5 g., 71%) as pale yellow irregular plates, m. p. 64° (Found: C, 23-7, 
23-5, 23-6; H, 1-8, 2-8, 1-2. C,H,I, requires C, 21-8; H, 1-2%). 

1 : 6-Bisdimethylaminohexa-2 : 4-diyne.—(a) 1: 6-Dibromohexa-2:4-diyne (2-6 g.) was 
slowly added with stirring at 20—30° to a solution of dimethylamine in water (25 c.c., 25%). 
The mixture was stirred for 18 hours and treated with water (50 c.c.); the product was isolated 

6N 
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with ether and fractionated to give 1 : 6-bisdimethylaminohexa-2 : 4-diyne (0-9 g., 50%), b. p. 
65°/0-01 mm., 2? 1-5085, which solidified to give long plates, m. p. 28—-29° (Found: C, 73-0; 
H, 9-7. Cy9H,,N, requires C, 73-1; H,9-8%). The dipicrate crystallised from ethanol as small 
prisms, m. p. 262° (Found: C, 42-7; H, 3-2. C,,H,,0,,.N, requires C, 42-5; H, 3-6%). 

(6) In a similar experiment the dichloride (I; X = Cl) (6-0 g.) gave a crude product which 
solidified and was crystallised from light petroleum (b. p. 40—60°), giving the diamine (3-0 g.), 
m. p. 29—30°. 

“Ae vator A When shaken with hydrogen in the presence of platinic oxide an uptake 
equivalent to 4-9 mols. was observed ; addition of picric acid then resulted in the precipitation 
of dimethylamine picrate, m. p. and mixed m. p. 156°. Hydrogenolysis is frequently observed 
with acetylenic amines (Jones, Lacey, and Smith, J., 1946, 940). 

1 : 8-Dichloro-octa-3 : 5-diyne.—A solution of lithium chloride (17 g.) in 2-ethoxyethanol 
(150 c.c.) was dehydrated by distillation through an 8” Dufton column until the boiling point 
reached 127°, and then cooled to 50° and treated with octa-3 : 5-diyne-1 : 8-diol ditoluene-p- 
sulphonate (45 g.; Cook, Jones, and Whiting, forthcoming publication). The mixture was 
refluxed for 15 minutes, cooled, and poured into water; extraction with ether gave a solution 
which was well washed with water, then dried (calcium chloride) in order to remove residual 
2-ethoxyethanol. Evaporation gave a residue which solidified and was crystallised from 
aqueous ethanol, giving the dichloride (10 g., 57%) as prisms, m. p. 45° (Found: C, 54-8; H, 
4-3; Cl, 40-8. C,H,Cl, requires C, 54:9; H, 4-6; Cl, 40-5%). 

1 : 8-Dibromo-octa-3 : 5-diyne.—As prepared by the above method from the corresponding 
toluene-p-sulphonate (11 g.) and calcium bromide (10 g.) in 2-ethoxyethanol (100 c.c.), the 
dibromide (5-2 g., 80%) formed prisms, m. p. 65°, from methanol (Found: C, 36-5; H, 3-1. 
C,H,Br, requires C, 36-4; H, 3-05%). 

The authors thank Professor E. R. H. Jones, F.R.S., for his interest and advice. They also 
thank Miss E. Fuller for light-absorption measurements and Mr. E. S. Morton for microanalyses. 
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372. Researches on Acetylenic Compounds. Part XXXVI.* The 
Synthesis of Symmetrical Conjugated Triacetylenic Compounds. 


By J. B. Armitace, C. L. Cook, E. R. H. Jones, and M. C. Wuitinc. 


Dehydrohalogenation of 1 : 6-dichlorohexa-2 : 4-diyne with sodamide in 
liquid ammonia gives triacetylene or its mono- or di-sodium derivatives. The 
isolation of the unstable parent hydrocarbon and the reactions of the 
disodium derivative with alky! halides and carbonyl compounds are described. 
An account is given of the ultra-violet light-absorption properties of some 
triacetylenic compounds. 

This work and that described in the following paper was summarised in a 
Tilden Lecture given in October, 1949 (cf. J., 1950, 754). 


ALTHOUGH numerous conjugated diacetylenes have been described since Glaser’s 
synthesis of diphenyldiacetylene in 1869, substances containing more than two conjugated 
acetylenic linkages have been almost unknown until recently. Grignard and Tcheoufaki 
(Compt. rend., 1929, 188, 359) claimed, without giving full experimental details, that they 
had prepared 1-iodo- and 1-phenyl-hexa-1 : 3 : 5-triyne (V; R = I and Ph, respectively). 
After the completion of most of the present work, however, Hunsmann (Ber., 1950, 83, 213) 
described the isolation of triacetylene, as its condensation product (IV; R = Me) with 
acetone, from the high-boiling residue obtained in the Hiils arc process for the synthesis of 
acetylene. He also described a rational synthesis of triacetylene from the dichloro- 
compound (I). During the preparation of this paper Schlubach and Franzen (Amnalen, 


* Part XXXV, preceding paper. 
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1951, 572, 116) announced the synthesis of diphenyltriacetylene, which, along with some 
higher members of the series, has also been prepared (cf. Jones, Whiting, Armitage, Cook, 
and Entwistle, Nature, 1951, 168, 900); Kuhn and Zahn (Ber., 1951, 84, 566) described 
the glycol (IV; R = Ph) and the corresponding fluorenone derivative; and Bohlmann 
(Angew. Chem., 1951, 68, 218) described briefly the preparation and ultra-violet light- 
absorption properties of diphenyltriacetylene, the glycols (IV; R= Ph) and (IV; 
R, = [(CH,];), and dicyclohexenyltriacetylene. 

An apparent analogy exists between 1 : 4-dichlorobut-2-yne, on the one hand, and 
vicinal dihalides on the other, in that both undergo dehydrohalogenation on treatment 
with sodamide in liquid ammonia (Armitage, Jones, and Whiting, J., 1951, 44). An 
extension of this analogy led to the conclusion that 1 : 6-dichlorohexa-2 : 4-diyne (I) 
should undergo a similar reaction, involving double 1 : 6-dehydrochlorination and 
giving the interesting hydrocarbon, hexa-1:3:5-triyne or triacetylene (Il). 

4NaNH, 2NH,Cl 
CICH,-C=C-C=C-CH,Cl ————-» NaC=C-C=C-C=CNa -———-» HC=C-C=C-C=CH 
(I) > oa (II) 


R,CO 


RC=C-C=C-CSCR HO-CR,-C=C-C=C-C=C-CR,OH 
(III) (IV) 


RC=C-C=CC=CH = (V) 


Moreover, the use of four molecular proportions of sodamide should give a sodium 
derivative of triacetylene convertible into disubstituted triacetylenic hydrocarbons (III), 
and triacetylenic glycols (IV), by reactions im situ with alkyl halides and carbonyl 
compounds, respectively. All these reactions have now been realised. 

In preliminary experiments it became obvious that in the dehydrochlorination of 
1 : 6-dichlorohexa-2 : 4-diyne at —33° insoluble carbonaceous matter was the principal 
product. At ca. —70°, or better at —77°, in the presence of some solid ammonia, the 
reaction was still rapid, and then gave a much higher yield of triacetylene, as estimated by 
further condensation reactions (see below). For the preparation of the parent hydro- 
carbon, however, the problem of isolating (II) was more serious than that of preparing it ; 
isolation was finally achieved by a technique involving the extraction of the triacetylene 
from the liquid-ammonia solution with butane. Extensive polymerisation occurred even 
though the temperature was kept as far as possible below — 50°, but the hydrocarbon was 
obtained in a fairly pure condition from two experiments. It forms fairly well-defined 
needle-shaped crystals, is apparently stable at liquid-air temperatures, but slowly becomes 
red at ca. —50°. It melts below 0°; on one occasion it was characterised by conversion 
into a crystalline octabromide (cf. the formation of a hexabromide from diacetylene, 
Noyes and Tucker, Amer. Chem. J., 1897, 19, 123; Strauss and Kolleck, Ber., 1926, 59, 
1664), while on another the liquid darkened instantly on exposure to air and a few 
minutes later exploded violently without provocation. 

When four molecuar proportions of sodamide were employed in the dehydro- 
halogenation reaction, the disodium derivative was formed, and addition of methyl iodide 
then gave octa-2 : 4: 6-triyne (III; R = Me), a beautifully crystalline substance, m. p. 
128°, in 28% yield. Accurate X-ray diffraction measurements have been made on this 
compound by Jeffrey and Rollett, and a preliminary account of the results obtained has 
already appeared (Nature, 1950, 166, 479). 

Substitution of ethyl bromide for methyl iodide gave the corresponding triacetylenic 
hydrocarbon (III; R = Et) as a liquid of moderate stability. 

When the solution of disodiotriacetylene was treated with acetone the expected 
triacetylenic glycol (IV; R = Me) was obtained in good yield. Benzophenone gave the 
analogous tetraphenyl compound; both ditertiary glycols were crystalline solids stable for 
months at room temperature. When formaldehyde was employed the diprimary glycol 
(111; R = H) was obtained in fair yield. 
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Light-absorption Properties—The ultra-violet absorption spectra of octatriyne and 
1: 1:8: 8-tetraphenylocta-2 : 4 : 6-triyne-1 : 8-diol are shown in the diagram, and the 
data determined for other triynes are tabulated below (wave-lengths are in A). Ethanolic 
solutions were employed. 


Amaz. (e) Amax. (e) Amax. (e) Amas. (€) Amax. (€) Amax. (€) 
 s E D Cc B 4 


Compound 


<2070 (>135,000) 2390 (105)  2530(130)  2680(200) 2860 (200) 3060 (120) 
<2110 (165,000) 2400 (105)  2550(155)  2690(220) 2865 (220) 3070 (130) 
2125 (>140,000) 2470(190)  2610(245) 2750 (320)  2930(320) 3120 (190) 
2135 (190,000) 2450 (70) 2570(130) 2740(200)  2920(230) 3120 (145) 
2270 (98,000) ~ — 2790 (670) 2955 (680) 3180 (540) 


In addition to a region of medium-intensity absorption showing vibrational fine- 
structure (bands A—E) similar to that shown by diacetylenes (J., 1952, 2003) but at 
somewhat longer wave-lengths, triacetylenes show light absorption of extremely high 
intensity at short wave-lengths (band L). The emax. values in this region are about 
five times as large as those of typical trienes. There can be little doubt that whereas the 
2390—3200-A region corresponds to the <2050—2650-A region for diacetylenes, the new 
ultra-high-intensity region corresponds to the 
very intense bands below 1630 A observed by 
Walsh (Trans. Faraday Soc.,1945,41,381) inthe 
vapour-phase spectra of diacetylene and hexa- 
2:4-diyne. This latter region is discussed in 
greater detail in the following paper in the case 
of tetra-acetylenic compounds. Here it may be 
noted that the vibrational fine-structure in the 
(II;R=Me) \ (IV; R=Ph) medium-intensity region shows a spacing 
essentially similar (average 2300 cm.~!) to that 
observed in the diacetylenes discussed earlier, 
provided that the very small maxima in the 
spectrum of octatriyne, the consequence of 
the resolution of more than merely the most 
prominent vibratignal lines in this case, are 

disregarded. 

7 YT, a ——: When the results for the aliphatic tri- 
cows ah eee acetylenic glycols, and (since the diprimary 

glycol was too unstable to purify completely) 
in particular for 2 ; 9-dimethyldeca-3 : 5 : 7-triyne-2 : 9-diol (IV; R = Me), are compared 
with those observed for the hydrocarbons, it is at once evident that the introduction of 
two «-hydroxy-groups shifts the medium-intensity maxima to longer wave-lengths, as was 
notably the case with the diacetylenic compounds discussed earlier (p. 2001). An even 
more pronounced effect is evident in the ultra-high-intensity band. Similarly the con- 
spicuous effects of the four phenyl groups upon the triyne chromophore are analogous 
to the phenomena observed with the corresponding diacetylenic compounds (p. 2003) and 
are similarly explicable. 














EXPERIMENTAL 


Absorption spectra were obtained in ethanolic solution with a Beckman Model DU. or 
a Unicam Spectrophotometer. M. p.s were determined on the Kofler block. 

Hexa-1 : 3: 5-triyne (I1).—A suspension of sodamide was prepared under nitrogen from 
sodium (4-6 g.) and liquid ammonia (150 c.c.) and cooled externally to —70°. 1: 6-Dichloro- 
hexa-2 : 4-diyne (7-4 g.; prepared as described in the previous paper) was added dropwise, 
with stirring, during 10 minutes; after a further 5 minutes ammonium chloride (8 g.) was 
added, and the solution was allowed to warm to —33° in a nitrogen atmosphere and 
concentrated to about 60c.c. Butane (4 x 50 c.c.) was then added in portions, with agitation, 
the bulk of the extract being poured off carefully each time. The resultant extract was 
evaporated under reduced pressure, giving a yellow, largely polymeric semi-solid residue which 
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was quickly warmed to 0°. The liquid portion was transferred to an H-tube (illustrated in 
J., 1951, 46) and surrounded by a bath at about —5°; when the pressure was reduced 
to ~0-1 mm. rapid sublimation on to a tube cooled with liquid air gave hexa-1 : 3 : 5-triyne 
(~300 mg.) as a white microcrystalline solid, stable in light in vacuo for several minutes. When 
the liquid air was replaced by ice-water, the solid melted to a pale yellow liquid, which instantly 
turned black when air was admitted, though it remained fluid. A few minutes later most of this 
material, in several separate portions, detonated with remarkable violence (a ~30-mg. specimen 
lying on a cotton-wool pad in a sawn-off Carius tube shattered the latter). One specimen was 
stored at —70°, and this crystallised, but it too exploded later when allowed to attain room 
temperature. 

In a similar experiment the crude hexatriyne was sublimed at 25°(bath temp.) /10 mm. and 
condensed at about — 50°, giving prismatic crystals 3 mm. long; at this temperature it quickly 
became pink in diffused light. On this occasion it did not darken after melting and admission 
of air; the liquid was at once treated with an excess of bromine in carbon tetrachloride. 
Evaporation and recrystallisation gave the octabromide (1: 1:2:3:4:5: 6: 6-octabromohexa- 
2: 4-diene?) as colourless needles, m. p. 157° (Found: C, 10-4; H, 0-5. C,H,Br, requires 
C, 10-1; H,0-3%). Light absorption in alcohol; maximum, 2510 A, « = 4700. 

Octa-2 : 4: 6-triyne (III; R = Me).—To a suspension of sodamide, prepared from sodium 
(4-6 g.) and liquid ammonia (150 c.c.) under nitrogen, 1 : 6-dichlorohexa-2 : 4-diyne (7-4 g.) was 
added dropwise during 10 minutes with stirring and cooling to —70°. Methyl iodide (14-2 g.) 
was then added and the mixture was stirred for 3 hours. The ammonia was allowed to evaporate 
in a stream of nitrogen with the occasional addition of pentane. The black solid residue was 
extracted with pentane (4 x 50 c.c.); removal of the solvent under nitrogen at 20° gave the 
crude product (2-6 g., 50%) which sublimed at 80°(bath temp.) /0-01 mm. to give octa-2 : 4: 6- 
triyne (1-5 g., 28%) as rhombohedra, m. p. 128° (Found: C, 94:0; H, 5-8. C,H, requires 
C, 94:1; H, 5-9%). 

The hydrocarbon (14 mg.) in ethyl acetate (30 c.c.) was shaken in hydrogen in the presence of 
platinic oxide (Adams’s) (5 mg.) until absorption was complete; 20 c.c. (5-9 mol.) were taken 
up at 18°/746 mm. 

Deca-3: 5: 7-triyne (III; R = Et).—A suspension of sodamide, obtained from sodium 
(9-6 g.) and liquid ammonia (100 c.c.), was stirred and cooled to —77° by direct addition of 
liquid nitrogen. Dichlorohexadiyne (14-7 g.) was added, and after 2 minutes, ethyl iodide 
(15-6 g.). After a further 45 minutes the liquid contents of the vacuum flask were extracted 
with butane, which on evaporation left a yellow liquid. Distillation gave deca-3 : 5 : 7-triyne 
(2-0 g., 40%), b. p. 65°(bath temp.) /10* mm., nf 1-5858 (Found: C, 92-2; H, 7-65. CyoHy, 
requires C, 92-3; H, 7-7%). 

Octa-2 : 4: 6-triyne-1 : 8-diol (IV; R = H).—To a suspension of sodamide, prepared from 
sodium (9-2 g.) in liquid ammonia (20 c.c.) at —77°, 1: 6-dichlorohexa-2 : 4-diyne (14-7 g.) 
was added dropwise with stirring and cooling. Paraformaldehyde (6-0 g.; dried over phosphoric 
oxide) was added as a suspension in ether (100 c.c.); after the solution had been stirred for 
2 hours ammonium chloride (10 g.) was added, and the ammonia was allowed to evaporate 
while more ether was added. Extraction of the residue with ether (4 x 50 c.c.) and removal 
of the solvent under reduced pressure gave a solid, crystallisation of which from ethyl acetate— 
light petroleum (b. p. 60—80°) gave the glycol (2-2 g., 17%) as plates, m. p. 138—140°, which on 
exposure to light became reddish-purple (Found: C, 72-0; H, 4:8. CgH,O, requires C, 71-7; 
H, 4-5%). On hydrogenation (uptake 5-83 mol.) with a platinic oxide catalyst in ethyl acetate, 
octane-1 : 8-diol, m. p. 57—60°, was obtained (Hill and Hibbert, J. Amer. Chem. Soc., 1923, 
45, 3131, give m. p. 63°); oxidation with chromic acid in aqueous sulphuric acid gave suberic 
acid, m. p. and mixed m. p. 138—140°. 

2 : 9-Dimethyldeca-3 : 5 : 7-triyne-2 : 9-diol (IV; R = Me).—To a suspension of sodamide, 
prepared from sodium (4-6 g.) and liquid ammonia (150 c.c.) under nitrogen, 1 : 6-dichlorohexa- 
2: 4-diyne (7-4 g.) was added dropwise during 10 minutes with stirring and cooling to —70°. 
Acetone (5-8 g.) was added and the mixture was stirred at —60° for 3 hours. Ammonium 
chloride (10 g.) was added and the ammonia allowed to evaporate whilst ether was added. 
The black solid residue was extracted with ether (4 x 50 c.c.); removal of the solvent at 20° 
gave the crude glycol (9 g., 94%), m. p. 134—138°. 2: 9-Dimethyldeca-3 : 5 : 7-triyne-2 : 9- 
diol (4:5 g., 47%) was obtained after repeated crystallisation from benzene as needles, 
m. p. 154—155°. Alternatively the glycol could be isolated by sublimation at 
90°(bath temp.) /10“ mm. (Found: C, 76-0; H, 7-5. Calc. for C,,H,,O,: C, 75-8; H, 7-4%) 
(Hunsmann, Joc. cit., gives m. p. 154°). 
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1: 1:8: 8-Tetraphenylocta-2 : 4: 6-triyne-1 : 8-diol (IV; R = Ph).—A solution of disodio- 
triacetylene, prepared at —77° from sodium (4-6 g.), liquid ammonia (100 c.c.), and dichloro- 
hexadiyne (7-4 g.), was treated with a solution of benzophenone (18-2 g.) in ether (100 c.c.). 
After 2 hours the product was isolated; recrystallisation from benzene-light petroleum (b. p. 
60—80°) gave the glycol (7-2 g.) as needles, m. p. 158—160°. Kuhn and Zahn (loc. cit.) give 
m. p. 156—158°. 


The authors thank Mr. E. S. Morton for microanalyses and Miss E, Fuller for light-absorption 
determinations. They also thank the Department of Scientific and Industrial Research 
(J. B. A.) and the Commonwealth of Australia Department of Supply (C. L. C.) for Maintenance 
Grants. 
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The Synthesis of Conjugated Tetra-acetylenic Compounds. 
By J. B. Armitace, E. R. H. Jones, and M. C. WHITING. 


By the application of well-known methods of oxidative coupling to 
monosubstituted diacetylenic compounds, a number of symmetrical 
conjugated tetra-acetylenic hydrocarbons and glycols have been obtained. 
The ultra-violet light-absorption properties of these compounds, which are of 
an unusual nature and present many features of interest, are listed and 
discussed. 


UnTIL recently the sole recorded example of a conjugated tetra-acetylenic compound was 
the highly unstable dicarboxylic acid (II; R = CO,H), described by Baeyer and Landsberg 
(Ber., 1885, 18, 674, 2269). No conclusive evidence for the structure of this substance 
was available, apart from the analogy between the method of preparation and a well- 
authenticated synthesis of diacetylenedicarboxylic acid. During the preparation of the 
present paper Schlubach and Franzen (Amnalen, 1951, 572, 116) have published accounts 
of the synthesis of dimethyltetra-acetylene and of diphenyltetra-acetylene, both of which 
compounds had also been prepared in these laboratories (the diphenylpoly-ynes will be 
described in a forthcoming publication). 
(I) RC=C-C=CH RCS=C-C=C-C=C-C=CR (II) 

The oxidative coupling of acetylenes has been effected by a wide variety of reagents, 
almost all of which require the presence of at least traces of copper or cobalt compounds. 
Of these, however, only a limited number are successful in the synthesis of tetra-acetylenic 
compounds from hydrocarbons and alcohols of type (I). Thus all experiments involving 
the action of potassium ferricyanide on the pre-formed copper derivative of hexa-1 : 3- 
diyne (I; R = Et) proved unsuccessful, apparently because of its insolubility. Treatment 
of a solution of the sodium derivative of penta-] : 3-diyne with potassium permanganate 
in liquid ammonia (cf. Schlubach and Wolf, Annalen, 1950, 568, 141) also failed to give the 
expected product. However, the action on penta-1 : 3-diyne (1; R = Me) of oxygen in 
the presence of cuprous and ammonium chlorides, or of cupric bromide or iodine on its 
Grignard derivative, gave good (~50%) yields of the highly crystalline deca-2 : 4: 6 : 8- 
tetrayne (II; R = Me). Contrary to the experience of Schlubach and Franzen (/oc. cit.) 
satisfactory analytical data were obtained. This interesting hydrocarbon decomposes 
below 100°, but extrapolation of the homologous series of dimethylpoly-ynes, and also its 
low solubility in organic solvents indicate that if stable its melting point would approach 
200°. If protected from light—it is highly photosensitive (cf. p. 2003)—it is stable for 
some days at 20°, and it can be sublimed at 50°/10-> mm. 

Analogous methods enabled hexa-1 : 3-diyne and octa-1 : 3-diyne to be coupled, giving 
the corresponding tetra-ynes (II; R = Et or Bu). In the latter case, rather surprisingly, 


* Part XXXVI. preceding paper. 
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the reaction could even be effected (in lower yield and not reproducibly) with air at 65°. 
Dodeca-3 : 5: 7: 9-tetrayne (II; R = Et) melts at 26°, and is appreciably more volatile 


O N M L D Cc B A 
Amax.(€)  Amax. (€)  Amax. (€) Amax. (€) Amax. (2) Amax. (2) Amaz. (€) Amex. (€) 
2150 2260 2340 2860 3060 3280 3540 
(91,500) (198,000) (281,000) (140) (180) (180) (105) 
— 22 2380 2870 3080 3300 3550 
(282,000) (160) (185) (185) (120) 
-- 2 2400 2870 3070 3300 3560 
(277,000) (265) (260) (215) (190) 
= CH,°OH ... 2070 2170 2 2380 2875 3065 3295 3550 
(23,100) (67,000) (257,000) (480) (440) (290) (190) 
= CHMe-OH 2070 2180 2390 2860 3080 3300 3550 
(38,800) (76,300) (266,000) (205) (225) (240) (195) 
= CHPr-OH 2100 2200 2 2410 2870 3090 3310 3560 
(28,300) (78,100) (273,000) (180) (220) (240) (160) 
; R =CMe,OH... 2090 2190 2 2400 2910 3110 3320 3600 
(19,250) (75,000) (274,000) (235) (280) (245) (190) 
(Wave-lengths are in A.) 


than the lower homologue at about 60°, presumably because the latter is still far below its 
melting point and so possesses considerable crystal-lattice energy. The dibutyl compound 
crystallises at ca. —60°. It seems reasonable to attribute the very rapid fall in melting 
point as the series is ascended to the abrupt 
decrease in symmetry from the rigidly linear 
molecule of deca-2 : 4 : 6 : 8-tetrayne (II; R = Me),’ 
which is very much higher-melting than its saturated 
analogue decane, to the Z-shaped molecule of 
hexadeca-5 : 7: 9: 11-tetrayne (II; R = Bu), which 
melts 70° below hexadecane. The dimethylpoly-ynes 
almost certainly show rotation in the solid state 
(Jeffrey and Rollett, personal communication), and 
this is no doubt partly responsible for their high 
melting points. 

Attempts to synthesise tetra-acetylenic glycols 
from diacetylenic alcohols via their Grignard 
derivatives and iodine or cupric bromide proved 
unsuccessful. Once the improvements in the 
catalytic oxygenation technique described earlier 
(p. 1999) had been made, however, these glycols 
became readily available. Thus 2-methylhexa-3 : 5- 
diyn-2-ol gave almost a quantitative yield of 
(II; R = CMe,°OH), which is thus obtainable in only 
three stages, with an overall yield greater than 50% from but-2-yne-l : 4-diol, now 
commercially available, and acetone. This easily accessible glycol is unaffected by light, 
and may be kept for many months at 20° without significant decomposition. 

The secondary alcohols (I; R = CHMe*OH) and (II; CHPr-OH) similarly gave tetra- 
acetylenic glycols, though the products were photo-labile and the yields were lower. In the 
former case the structure was rigidly proved by hydrogenation and oxidation of the product 
to the known dodecane-2: 1l-dione, which was converted into sebacic acid. Rather 
surprisingly the very unstable primary alcohol, penta-2 : 4-diyn-l-ol (I; R = CH,°OH), 
also coupled smoothly, and the product was obtained in excellent yield. 

Light-absorption Properties—The ultra-violet absorption spectrum of deca- 
2:4:6: 8-tetrayne is illustrated in the figure; in addition to a series of maxima of 
medium intensity in the 2800—3600 A region, similar to those observed for the diynes and 
triynes, and described in the previous papers, a second series is observed which begins at 
2350—2400 A and for which maximal extinction coefficients are about 280,000. The fine 
structure of this series is rather more widely-spaced and less constant (average 2600 cm.~) 
than that of the medium-intensity band. Of greater interest, however, is the extraordinary 
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intensity of absorption in this region, presumably analgous to the intense bands at ~1600 A 
in the spectra of diacetylene and hexa-2 : 4-diyne, ascribed by Price and Walsh (Trans. 
Faraday Soc., 1945, 41, 381) to a Rydberg transition, and to the ~2100 A band of the tri- 
acetylenes discussed in the previous paper. Typical extinction coefficients for simple 
aliphatic tetraenes free from steric hindrance to coplanity are 60,000—70,000 (Mowry, 
Brode, and Brown, J. Biol. Chem., 1942, 142, 671), and the only compound for which an 
€max. Value larger than those found for the tetraynes has been recorded is the Cy, compound, 
m-hexadecidiphenyl (Gillam and Hey, J., 1939, 1170). Here, of course, arithmetical 
multiplication of effectually independent chromophores is the explanation. It may be 
noted, however, that cyanine dyes may exhibit very intense light absorption; 


+ 
Me,N-[CH=CH],*CH=NMe, has Amax. 4080 A, ¢ = 125,000 (Simpson, J. Chem. Phys., 
1948, 10, 1124). 

The higher intensities recorded in the table are not merely the result of the remarkably 
well-defined fine structure of the tetrayne spectra; Mr. C. L. Cook has calculated the 
oscillator strength (‘‘ f-value ’’) for the dimethyl compound by graphical integration of 
the e-v curve, and obtained a result exceeding 3-0. 

{[Added, March, 1952]: Dorough, Miller, and Huennekens have recently (J. Amer. 
Chem. Soc., 1951, 78, 4315) described the absorption spectra of some metallic derivatives 
of a8y8-tetraphenylporphine in which extinction coefficients of up to 610,000 were reported. 
Despite the great extent of the resonating systems involved, however, oscillator strengths 
were smaller than that calculated for (II; R= Me). Bohlmann (Chem. Ber., 1951, 84, 
785) has also determined and discussed the light absorption properties of polyacetylenic 
compounds. 


EXPERIMENTAL 


Absorption spectra were obtained with a Beckman DU or Unicam spectrophotometer, 
ethanolic solutions being used. 

Deca-2 : 4: 6: 8-tetrayne (II; R = Me).—The reaction was carried out in a three-necked 
flask fitted with stirrer, reflux condenser, and nitrogen inlet. To ethylmagnesium bromide, 
prepared from magnesium (0-67 g.) in dry ether (30 c.c.), penta-1 : 3-diyne (1-5 g.) in ether 
(20 c.c.) was added, and the solution was refluxed for 1 hour with stirring. Iodine (3-1 g.) in 
dry ether (25 c.c.) was added and the mixture refluxed for 14 hours. After cooling, ice and 
dilute acetic acid (20 c.c.; 2N) were added. The product was extracted with ether (4 x 50c.c.), 
and the combined ether extracts were washed with sodium hydrogen carbonate solution and 
dried. Removal of the ether under reduced pressure gave the crude hydrocarbon (1-2 g., 80%) 
as a brown solid. Deca-2: 4:6: 8-tetrayne (1-0 g., 66%) crystallised from light petroleum 
(b. p. 80—100°) as long needles, decomposing above 80°, which become pink after 2 minutes in 
air. Alternatively the tetrayne was isolated by sublimation at 50° (bath temp.)/10-> mm. 
(Found : C, 95-4; H, 4-7. Calc. for C,)H,: C, 95-2; H, 48%). 

Hydrogenation. The hydrocarbon (36 mg.) in ethyl acetate (50 c.c.) was shaken in hydrogen 
in the presence of a platinic oxide (Adams’s) catalyst (5 mg.) until absorption was complete ; 
55 c.c. were taken up at 18°/758 mm., corresponding to an uptake of 8-0 moles of hydrogen per 
mole of decatetrayne. 

Dodeca-3 : 5:7: 9-tetrayne (Il; R = Et).—To ethylmagnesium bromide, prepared from 
magnesium (1-34 g.) in dry ether (50 c.c.), hexa-1 : 3-diyne (3-9 g.) in ether (10 c.c.) was added 
and the solution refluxed for 2 hours with stirring. Cupric bromide (11-2 g.; anhydrous) was 
added in ten portions and the mixture refluxed for 30 minutes. After cooling, ice was added, 
the product was extracted with ether (4 x 50 c.c.), and the combined ether extracts dried. 
Removal of the solvent under reduced pressure gave the crude hydrocarbon (2-6 g.) which was 
distilled to give dodeca-3 : 5:7: 9-tetrayne (1-8 g., 47%) as a pale yellow oil, b. p. 60° (bath 
temp.)/10-> mm. When kept it solidified and was crystallised from light petroleum (b. p. 40— 
60°), forming needles, m. p. 26°, which became blue after 2 minutes in air (Found: C, 93-5: 
H, 6-8. C,H,» requires C, 93-5; H, 6-5%). 

Hydrogenation. The hydrocarbon (55 mg.) in ethyl acetate (30 c.c.) was shaken in hydrogen 
in the presence of a platinic oxide (Adams’s) catalyst (10 mg.) until absorption was complete ; 
65 c.c. were taken up at 18°/774 mm., corresponding to an uptake of 8-0 moles of hydrogen per 
mole of dodecatetrayne. 

Hexadeca-5 : 7:9: 11-tetrayne (Il; R = Bu).—(a) To ethylmagnesium bromide, prepared 
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from magnesium (0-67 g.) in dry ether (50 c.c.), octa-1 : 3-diyne (2-7 g.) in ether (10 c.c.) was 
added and the solution refluxed for 2 hours with stirring. Cupric bromide (5-6 g.; anhydrous), 
in five portions, was added and the mixture refluxed for 30 minutes. After cooling, ice was 
added, the product was extracted with ether, and the combined ether extracts dried. Removal 
of the solvent under reduced pressure and distillation gave hexadeca-5 : 7:9: 11-tetrayne (1-3 g., 
50%) as a pale yellow oil, b. p. 80° (bath temp.) /10-> mm., n} 1-6200 (Found: C, 91-2; H, 8-6. 
C,,H,, requires C, 91-4; H, 8-6%). 

(b) Octa-1 : 3-diyne (2-2 g.) in ethanol (2 c.c.) was added to a mixture of ammonium chloride 
(16 g.), cuprous chloride (10 g.), concentrated hydrochloric acid (0-1 c.c.), and water (46 c.c.). 
The mixture was stirred at 65° for 15 minutes and then air was bubbled through for 3 hours. 
After cooling, excess of dilute hydrochloric acid was added and the product was extracted with 
pentane. Removal of the solvent gave a black oil which was distilled from a small retort to 
give hexadeca-5: 7:9: 11-tetrayne (0-5 g., 23%) as a pale yellow oil, b. p. 70° (bath 
temp.) /10-> mm., with light-absorption properties identical with those of a sample prepared by 
method (a). 

Deca-2 : 4: 6: 8-tetrayne-1: 10-diol (Il; R = CH,*OH).—Penta-2 : 4-diyn-l-ol (1-2 g.) in 
methanol (10 c.c.) was added to a mixture of ammonium chloride (8 g.), cuprous chloride (5 g.), 
and water (50 c.c.) at 15°. The mixture was shaken in oxygen until absorption was complete ; 
400 c.c. were taken up in 2} hours. The product was extracted with ether, washed with water, 
and dried. Removal of ether gave a yellow solid (1-0 g.), turning dark blue on exposure to 
light. Recrystallisation from ethyl acetate-light petroleum (b. p. 80—100°) gave deca- 
2:4:6: 8-tetrayne-1 : 10-diol (0-8 g., 74%) as pale yellow plates. No satisfactory analytical 
data could be obtained (Found: C, 74-4; H, 4-0. C, )H,O, requires C, 75-8; H, 3-8%). 

Hydrogenation. The glycol (430 mg.) was shaken in an atmosphere of hydrogen in ethyl 
acetate solution, a platinic oxide catalyst being used. The uptake was equivalent to 7-5 moles; 
the product solidified and then had m. p. 68—70° (Chuit, Helv. Chim. Acta, 1926, 9, 265, gives 
m. p. 72—74° for decane-1 : 8-diol). Oxidation with chromic and sulphuric acid gave sebacic 
acid, m. p. and mixed m. p. 131—133°. 

Dodeca-3 : 5: 7 : 9-tetvayne-2 : 11-diol (II; R = CHMe*OH).—Hexa-3 : 5-diyn-2-ol (3-2 g.) 
in ethanol (5 c.c.) was added to a mixture of ammonium chloride (16 g.), cuprous chloride 
(10 g.), concentrated hydrochloric acid (0-2 c.c.), and water (50 c.c.). The mixture was shaken 
in oxygen until absorption was complete; 600 c.c. were taken up in4hours. The product was 
extracted with ether, washed with sodium hydrogen carbonate solution and water, and dried. 
Removal of the ether gave a pasty red mass (3-0 g.). Repeated crystallisations from benzene— 
light petroleum (b. p. 60—80°) (1:3) gave dodeca-3 : 5: 7: 9-tetrayne-2 : 11-diol (2-5 g., 78%) 
as pale cream rods. The solid became brown, even in the absence of light, at room temperature 
(Found: C, 77-9; H, 5:5. C,,H, O, requires C, 77-4; H, 5-4%). 

Hydrogenation. A solution of the glycol (500 mg.) in ethyl acetate (30 c.c.) was shaken in 
hydrogen in the presence of a platinum oxide (Adamis’s) catalyst (5 mg.) until absorption was 
complete; 520 c.c. were taken up at 18°/750 mm., corresponding to an uptake of 8-0 moles. 
Crystallisation of the product from light petroleum (b. p. 40—60°) gave dodecane-2 : 11-diol 
(450 mg.) as plates, m. p. 54—-55° (Bowden, Heilbron, Jones, and Sargent, ]., 1947, 1579, give 
m. p. 54—55°). Oxidation with chromic acid in aqueous sulphuric acid gave dodecane-2 : 11- 
dione as leaflets, m. p. 67°, from light petroleum (b. p. 40—60°) (Cason and Prout, J. Amer. 
Chem. Soc., 1944, 66, 48, give m. p. 67-4—67-8°). 

Hexadeca-5: 7:9: 11-tetrayne-4 : 13-diol (II; R = CHPr*eOH).—Octa-5 : 7-diyn-4-ol (2-8 g.) 
in ethanol (5 c.c.) was added to a mixture of ammonium chloride (16 g.), cuprous chloride 
(10 g.), concentrated hydrochloric acid (0-2 c.c.), and water (50 c.c.). The mixture was shaken 
in oxygen until absorption was complete; 400 c.c. were taken up during 3 hours. The product 
was extracted with ether, washed with sodium hydrogen carbonate solution and water, and 
dried. Removal of the ether gave a dark red viscous oil (2-8 g.) which later solidified. Repeated 
crystallisation from benzene-light petroleum (b. p. 60—80°) (1:3) gave hexadeca-5:7:9: 11- 
tetrayne-4 : 13-diol (1-4 g., 50%) as matted needles, m. p. 98° (decomp.). The pale cream glycol 
became blue when kept at room temperature in light (Found: C, 79-5; H, 7-7. C,,H,,0, 
requires C, 79-3; H, 7-5%). . 

2: 11-Dimethyldodeca-3 : 5: 7: 9-tetrayne-2: 11-diol (II; R = CMe,*OH).—2-Methylhexa- 
3 : 5-diyn-2-ol (2-5 g.) in ethanol (5 c.c.) was added to a mixture of ammonium chloride (16 g.), 
cuprous chloride (10 g.), concentrated hydrochloric acid (0-2 c.c.), and water (50 c.c.). The 
mixture was shaken in oxygen until absorption was complete; 600 c.c. were taken up during 
1 hour. The product was extracted with ether, washed with sodium hydrogen carbonate 
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solution and water, and dried. Removal of the ether gave a pale brown solid (2-5 g.), m. p. 
150—152° (decomp.). Recrystallisation from benzene gave 2: 11-dimethyldodeca-3 : 5:7: 9- 
tetrayne-2 : 11-diol (2:2 g., 89%) as large plates. Alternatively the glycol was isolated by 
sublimation at 100° (bath temp.)/10-> mm. (Found: C, 784; H, 6-6. C,,H,,O, requires 
C, 78-5; H, 6-6%). 

Hydrogenation. The diol (420 mg.) in ethyl acetate (30 c.c.) was shaken in hydrogen in 
the presence of a platinic oxide (Adams’s) catalyst (10 mg.) until absorption was complete ; 
370 c.c. were taken up at 20°/764 mm., corresponding to an uptake of 7-8 moles. Crystallisation 
of the product from light petroleum (b. p. 40—60°) gave 2: 11-dimethyldodecane-2 : 11-diol 
(400 mg.) as fine matted needles, m. p. 58° (Kisslowskaja, Chem. Zenir., 1914, I, 1641, gives 
m. p. 57-5--58°). 


The authors thank Miss-E. Fuller for light-absorption measurements and Mr. E. S. Morton 
for microanalyses. One of them (J. B. A.) is indebted to the Department of Scientific and 
Industrial Research for a Maintenance Grant. 
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374. Complex-ion Formation. Part I. A General Discussion of Factors 
Influencing the Stability of Metal Ammines and Complex Ions. 


By W. S. FyYFe. 


Factors governing the co-ordination number, and the affinity of ligands for 
a single cation and of one ligand for a series of cations are discussed with 
particular reference to metal ammines. The formation constants of the 
complex silver ions formed by some substituted anilines are reported. 


NUMEROUS papers and reviews have recently been concerned with conditions governing the 
stability of complex ions (e.g., Bjerrum, Chem. Reviews, 1950, 46, 381; Burkin, Quart. 
Reviews, 1951, 5, 1). This paper considers, in particular, the application of electro- 
negativities and the neutrality principle (Pauling, J., 1948, 1461) to the problem. 

A study of the strength of a bond between a positive ion and a neutral dipolar molecule 
must cover several major problems. The linkage may be considered as purely electrostatic 
in origin, arising from the ion-dipole forces (cf. the term ion-dipole linkage). The number 
of ligands bound by an ion does not appear to obey a fixed rule or depend on the size of the 
central ion alone. Also, the conditions governing the affinity of a single cation for a series 
of amines, and of a single amine for a series of cations, are only partly understood. Resolu- 
tion, even qualitative, of these uncertainties would be of much interest for the removal of 
ions and the stabilisation of oxidation states. 

The Formation Process.—If it could be assumed that the attraction between an ion and 
a neutral dipolar molecule is purely electrostatic and that the molecules have rigid, unalter- 
able dipoles, then we should expect that water, with a dipole moment much greater than that 
of ammonia, would not be replaced by the latter from a hydrated cation. This approach 
is obviously complicated by the different polarisabilities of molecules. For a series of 
amines, however, if orders of stability of the corresponding cations are calculated on the 
basis of dipole moments, little success is achieved. 

The solvation of an ion may be considered as reducing the high field intensity about the 
ion. Pauling (loc. cit.) considers that when a ferric ion is placed in solution six water 
molecules become firmly bound to the central atom by partially covalent bonds. From the 
difference in electronegativities of the ferric ion and the oxygen atoms of the water molecules 
(Pauling, ‘‘ Nature of the Chemical Bond,’’ Cornell Univ. Press, 1945, p. 70), it can be 
deduced that these bonds will be approximately 50% covalent. This means that the ferric 
ion gains three electrons, its effective charge being reduced nearly to zero. The positive 
charge must now be relayed to the hydrogen atoms of the water molecules, an additional 
charge of about + 1/4 being thereby placed on each. The result is the formation of a large 
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complex ion with a low charge density. It must be remembered that, within the complex 
ion, iron will still be positive with regard to the oxygen atoms. 

The same idea may be approached in a slightly different manner. The third ionisation 
potential of iron is in the vicinity of 30 ev. This is in excess of the energy necessary to 
remove an electron from the oxygen of the water molecule. It would be expected, there- 
fore, that such an electron-transfer process should occur. 

At the outside of the first shell of water molecules, covalent bonding with other water 
molecules to form a second shell of “‘ chemically bonded ’’ water must cease, for this would 
require bonding between hydrogen and oxygen. To forma true covalent bond, two orbitals 
(one from each atom) and two electrons are required. Oxygen has the electrons, but 
hydrogen has only one low-energy orbital and this is already filled. The possibility of 
hydrogen bonding is not thereby eliminated. This idea of absence of true chemical 
solvation between hydrogen and electronegative atoms or ions is confirmed by recent work 
by Johnson and Parton (personal communication) who found for hydrochloric acid a 
solvation number of unity. The one water molecule is considered to be attached to the 
proton, with no true solvation of the chloride ion. It also appears probable that, with the 
small additional charge on the peripheral hydrogen atoms of a solvated cation, water 
molecules which are hydrogen bonded in the second shell should suffer only a small reduction 
in degrees of freedom compared with molecules in the bulk of the solvent. 

When an ammonia molecule approaches the hydrated metal ion, displacement of the 
water should occur because nitrogen, being less electronegative than oxygen, should form a 
more covalent bond with the metal. This in turn means that an ammonia molecule can 
more effectively distribute the charge on the cation. The increasingly covalent character 
of the bonds which are formed when electronegative atoms are replaced by less electro- 
negative atoms finds some support from magnetic data. In the paramagnetic complexes 
of ammonia and water with bivalent transition-metal ions, insufficient bond energy is 
available to supply the necessary energy to pair off the electrons in the d level and supply 
the six d*sp* hybrid orbitals. The remaining s and three # orbitals must thus be used for 
bonding. In the more stable cyanides, where the carbon-—metal bond is still more covalent 
and the low-energy d orbitals of the metal are used, pairing occurs. The resulting complexes 
are thus diamagnetic, or less paramagnetic than the parent ions. 

Co-ordination Number.—The number of ligands bound by an ion appears to depend 
largely on two factors: first on the number of orbitals, hybridised or otherwise, that the 
metals have available for bond formation, and secondly on the number of linkages that will 
be required to reduce the charge on the central ion to a minimum. Size is not entirely a 
controlling factor, for the large silver ion takes two ligands and the mercuric ion four, while 
the smaller ions of the transition metals take six. Silver, which apparently uses a linear 
sp hybrid, could use an sp* hybrid and bind four ligands. By formation of two bonds with 
ammonia of approximately 50°, covalent character, the charge on the silver ion is effectively 
reduced to zero, and further molecules will not be bound. It is of interest that the pyridine 
complexes of bivalent silver contain four pyridine molecules, not two as in all univalent 
silver complexes. The mercuric ion forms covalent bonds with ammonia of approxi- 
mately 80°% covalent character, and after two ammonia molecules have been bound the 
charge will be considerably reduced. The third and the fourth ammonia molecule are 
known to be weakly bound. 

With the bivalent transition-metal ammines, magnetic data (Selwood, ‘‘ Magneto- 
chemistry,’’ Interscience Publ., 1943) indicate that d orbitals are not extensively used in 
bonding. The s and the three # orbitals are thus available for bonding, and the number of 
ligands would be expected to be four. However, for these ions the bond with ammonia 
has less than 50° covalent character, and six ligands are required to reduce the charge to 
aminimum. Pauling (J., loc. cit.) considers that these six ligands are bound by the syn- 
chronised resonance of the sp* hybrid. However, as these bonds are fairly ionic, it appears 
possible that the ligands might be bound by the use of the three # orbitals alone, forming six 
half bonds (Rundle, J. Amer. Chem. Soc., 1947, 69, 1327). These compounds are certainly 
not to be considered electron-deficient but could perhaps be termed orbital-deficient. The 
use of # half-bonds of this type could account for the octahedral configuration of the 
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grouping. The greater covalent character of the bonds in cobaltic ammines, for example, 
which is due to the increased electronegative character of the tervalent ion, forces the 
electrons in the d level to pair and supply the d?sp* hybrid. (It should be noted that the 
neutrality principle may only be accurate to about + le.) 

The Ligand Effect.—In the following discussion the free energy of formation of the 
complex ion from the aquo-cation will be considered an index of the bond strength. As 
Burkin (oc. cit.) points out, this is only justified if the entropy of complex formation is 
small. However, in most of the cases to be compared and particularly in the ammonia 
complexes (data to be published later) the entropy changes per water molecule replaced 
are similar, so that free energy should be a reasonable index. 

It has been shown (Fyfe, Nature, 1952, 169, 69) that the stability of the silver complex 
ions formed with heterocyclic amines appears to be determined largely by the electron 
density assigned to the nitrogen atom of the amine. Measurements have now been made, 
with the same cell system, on some substituted anilines (see Table 1). The constants 
were measured in 59% (wt.) ethanol-water at 25° and express the equilibrium 


Ag* + 2NH,R = Ag(NH,R)*, so that Ky = [Ag(NH,R),*]/[Ag*][NH,R}. Higher 
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accuracy than that quoted was difficult to achieve, as many of the amines, in particular 
the nitro- and chloro-anilines, reacted fairly rapidly with silver ions, even when highly 
purified. The results demonstrate the expected effects of substituents. Groups which 
should increase the x-electron density of the nitrogen atom increase the stability and 
conversely. 
TABLE lI. 

Amine log Ky (+. 0-05) Amine 
o-Chloroaniline 
m-Chloroaniline 
p-Chloroaniline 
o-Nitroaniline 
m-Nitroaniline 
p-Nitroaniline 


Aniline . 
o-Toluidine 
m-Toluidine 
p-Toluidine 
o-Bromoaniline 
m-Bromoaniline 
p-Bromoaniline 


ao 
oo 
=) | 


bo bo bo Ge Ge Ge 
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So 


In the aliphatic series (Bjerrum, loc. cit.) the same general considerations appear to hold. 
Thus the silver—-di(amine) complexes increase in stability in the order methylamine <ethyl- 
amine < tsopropylamine, which is in accord with the standard inductive order (see Table 2). 
It will be noted that, for aliphatic amines, the order of stability of the silver complexes is 
primary > secondary > tertiary. Two factors, both becoming more marked as the amine 
becomes more complex, appear to contribute to these orders: primarily a steric effect due 
to crowding of groupings around the central ion, and, secondly, the repulsion of the cation 
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by the polar groupings of the amine. The stability is also reduced by the addition of 
electron-attractive groups, as is shown by the ethylamines and hydroxyethylamines. 


TABLE 2 (data largely from Bjerrum, Joc. cit.). 
Formation constants (log Ky) of silver ammines. 


Ammonia 7-20 isoPropylamine . 78° Triethylamine 
Methylamine . 6-68 n-Butylamine 7:48 2-Hydroxyethylamine 
Ethylamine 7:30 Diethylamine . 6-20 Tris-2-hydroxyethylamine 


* Fyfe, unpublished work. 


Complex Halides.—It was noted above that a connection appeared to exist between the 
stability of a complex ammine and the electron availability on the donating centre of the 
amine ligand. It is feasible that a similar correlation would hold in a series of complex 
halides, but there it should be possible to express the relation in terms of electronegativities, 
values for which are not available for the complex amine molecules. If we accept the 
hypothesis that the degree of electronegativity of the halide ion is a major factor in deter- 
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mining the degree of covalency in the bonds of the resulting complex ion, then this extent of 
covalency should be a function of the ionisation potential plus the electron affinity of the 
halogen atom. The suggested relation was tested on cadmium and mercuric halide com- 
plexes by plotting the logarithm of the formation constant against the sum of the first 
ionisation potential and the electron affinity of the halogen atom (Fig. 1). It is seen that 
the stability of the complex ion increases with increasing atomic weight of the halogen. 
This is also the order of decreasing electronegativity which should lead to increasing covalent 
character of the resulting bond. This, however, is by no means the only factor involved, 
as will be discussed later. 

The Cation Effect.—The most complex problem in the study of metal ammines is that of 
explaining the order of stability of complexes formed by different cations with a given 
amine. Sufficient experimental work had been carried out to demonstrate that the order 
is generally independent of the nature of the ligand unless special factors such as entropy 
effects are operative. Such effects are most important for chelate compounds. The 
factors that would be expected to exert the greatest influence on bonding are: (a) the 
electronegativity of the metal; () the type of hybrid orbitals available for covalent-bond 
formation; and (c) the size of the cation. Factor (a), which is a function of the ionisation 
potential of the metal, should play a major role in determining the degree of covalent 
bonding; (5) will depend on the electronic structure of the metal atom; and (c) will 
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determine the ease with which the necessary number of ligands can be packed round the 
ion and will control steric factors and repulsion between ligands. 

It is reasonable to compare stabilities only in isoelectronic series of metals where 
factor (b) can be kept constant. If this is done, it is found that the free energy of complex 
formation approximates closely to a linear function of the ionisation potential and thus, 
presumably, to the electronegativity of the metal atom. Similar conclusions were reached 
by Irving and Williams (Nature, 1948, 172, 746) and Calvin and Melchior (J. Amer. Chem. 
Soc., 1948, 70, 3270). It must be emphasised that electronegativity values would be only 
approximate, since the electron affinity and the ionisation potential of a metal atom are 
seldom both known with accuracy. Plots of log Ky against either the first, or the first plus 
the second, ionisation potential of the metal are shown in Fig. 2 for the ammonia complexes 
of (a) zine, cadmium, and mercury and (bd) copper, silver, and gold. In Fig. 3 similar 
plots are shown for the ethylenediamine and pyridine complexes of manganese, iron, cobalt, 
and nickel. Ifa linear relation is assumed as suggested by the plots, then an equation of 
the type, log Ky = aI, + C, should hold. These plots have widely differing slopes and, 
from the discussion of the amine effect, it would be expected that for different amines the 
slopes would be a function of the electron availability on the ligand. In Fig. 4 values of 
log Ky for the halide complexes of the cadmium and the mercuric ion are plotted against 
the first ionisation potential of the metal. These slopes are at least in qualitative agree- 
ment with the theory. It will also be noted that the slopes obtained from the ammonia 
series for copper, silver, gold, zinc, cadmium, and mercury are similar, as might be expected. 


TABLE 3. Formation constants (log K;) of halide ion complexes of Group-Ip and -IIB metal 
tons (data from Bjerrum, loc. cit.) 
For the equilibrium M**+ + »X- == MX,~ K: = (MX, ]/({(M**)[X-]*) 
Metal ion Chloride Bromide Iodide Metal ion Chloride Bromide Iodide 
5-6 6-0 9-0 Zn** —0°8 
6-0 9-0 14-0 Cd++ 2-4 
17-2 Hg*+ 14-0 


In most of the cases mentioned, the size of the cation does not appear to play a very 
significant part, but several notable exceptions occur. As the ionisation potentials of zinc 
exceed those of cadmium, it might be predicted that zinc complexes should always be more 
stable than those of cadmium. However, although this is generally true, the order is reversed 
in the halide complexes (see Table 3). The same effect occurs with cuprous complexes. In 
these anionic complexes we are dealing with a complex ion in which there can be less charge 
distribution than in complexes formed by neutral molecules. With the zinc iodide complex 
ion, the radius ratio indicates that the maximum co-ordination number is four, while for 
cadmium, which still binds only four ligands, there is ample room for six. This indicates 
for zinc a very tightly packed system of anions around the central cation. Such a spatial 
effect should lead to a decrease in the stability of the complex, a result which will 
be enhanced by the mutual repulsion of similar ligands. With the larger cadmium and 
mercuric ions of the halide complexes the combined effect may well play a much smaller part 
in determining the stability. However, with smaller anions, such as cyanide and hydroxyl, 
and with neutral molecules, the reversal of order in the series does not occur. A similar 
effect may determine the reversal of the normal order in the complex halides of the cuprous 
and silver ions. With the small transition-metal ions, a similar steric effect may be 
responsible for the low stability of the halide ion complexes. 

If we assume that a ligand can replace a water molecule on a cation only when it is 
capable of forming a more covalent bond and hence neutralising the charge on a cation more 
effectively than a water molecule does, then the fluoride ion, which is more electronegative 
than an oxygen atom, should not be capable of replacing the latter. It has been postulated 
(Baddeley, J., 1950, 663) that fluorine can form x-bonds ‘with greater facility than other 
halogens and that this facility decreases with increasing size of the halogen. As x-bonding 
increases the stability of some of the complex cyanides it might be possible for it to enhance 
the stability of complex fluorides. It must be remembered that electronegativity differ- 
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ences can be applied only to normal o-bonding, and not to x-bonding, while the strength 
of a bond will depend on the balance of both types. However, preliminary calculations on 
Slater-type overlap integrals between metallic orbitals and fluoride or oxygen indicate 
that both o- and x-bonding are less with fluoride than with oxygen. This it appears that 
the stability of fluorides must be attributed chiefly to the electrostatic interaction between 
a cation and the small fluoride ion. It may be noted that the most stable fluorides occur 
with either the most electronegative cations or with very small highly charged cations. 
(A more complete discussion on overlap integrals and this type of linkage will be submitted 
later.) 

Note on Oxidation—Reduction Potentials—From work on silver ammines, it is obvious 
that complex ions can be formed with widely differing stabilities. This is of particular 
importance, for it means that it is possible to vary the redox potential of an ion in a complex 
between wide limits. If the standard potential of a metal in water is known, and also the 
formation constant of the complex, then the redox potential of the complex ion can be 
calculated. Also, if a metal exists in two valency states, similar data enable the calculation 
to be made of the redox potential between the two complex ions from free-energy cycles. 


The author is greatly indebted to Professor H. N. Parton and Mr. J.. Vaughan, of Canterbury 
University College, and to Professor F. G. Soper, of this University, for their valuable advice 
and criticism. 
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375. Complex-ion Formation. Part II.* The Entropies of 
' Formation of Some Metal Ammines. 
By W. S. Fyfe. 
The heats of ammination of some metal ions have been measured, and 
with existing free-energy data the entropies of ammination have been 


calculated. These results are discussed in relation to hydration numbers of 
ions. 


THE heats of ammination of the silver, cupric, nickel, mercuric, cadmium, zinc, lithium, 
and magnesium ions have been measured. These data have been combined with the free- 
energy data found by Bjerrum (‘‘ Metal Ammine Formation in Aqueous Solution,’’ Haase, 
Copenhagen, 1941) to give the entropies of formation of the ammines from the aquo- 
cations. The results are summarised in Table 1, where the units are kcal./mol. The 
measured entropy changes are concerned with the reaction 


[M(H,O),,}* ++ nNH, = [M(NH,),}* + mH,O 


where m and » may or may not be equal. It was thought that a study of these entropies 
might throw some light on the problem of ionic hydration numbers. 


TABLE 1. 
No. of No. of 

Ion ligands —AH ; S ligands 
H+ * 12-4 2-6 “5 7 6 
Ag* p 13-5 9-¢ 2: si 4(2) 
Cut* 21-1 3 5-2 ai* (3) 
Nit* j 18-9 . 27-7 Mg** (6) 
Zn* 15-9 


* Everett and Wynne-Jones, Trans. Faraday Soc., 1939, 35, 1380 
An approach may be made to the interpretation of the entropy data in a similar manner 


to that used by Ulich (Z. Electrochem., 1930, 36, 497), who considered the absclute entropy 
of hydration of ions, and compared the entropies of certain salt hydrates with those of the 


* Part I, preceding paper. 
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anhydrous salts and recognised that the average contribution to the entropy of the solid 
for each water molecule added was about 9 kcal./mol. This value is similar to the entropy 
of ice at 298°. The examples quoted by Ulich, with the addition of more recent cases, 
are listed in Table 2, where S = entropy at 298° and An = change in number of water 
molecules in hydrate. 


TABLE 2. 
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9-6 
10-6 
10-25 33-7 » a 11-3 
140-5 7 
77 2H 9- 10-35 
9 
70-2 9 

* U.S. Bureau of Mines Bull. 477, 1948. ° Barieau and Giauque, J. Amer. Chem. Soc., 1950, 72, 

5676. © Bauer, Johnston, and Kerr, ibid., p. 5174. 4¢ Ulich, loc. cit. 
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On the basis of these facts, Ulich considered that when a water molecule becomes bound 
to a cation the average entropy change will be approximately equal to the entropy of fusion 
of water at 298°, or 6 kcal./mol. (In this discussion rounded entropy figures will be used as 
present data do not justify a more accurate treatment.) To obtain hydration numbers he 
divided the absolute entropy of hydration of the gaseous ion by 6. Such an approach must 
be an over-simplification, for the different strengths with which water molecules may be 
bound to a cation are not considered. The strength of the linkage must influence the 
degrees of freedom of the water molecule. Latimer (J. Amer. Chem. Soc., 1951, 73, 1480) 
also uses the figure of 9 kcal./mole as being the average contribution to the entropy of a 
hydrate per water molecule. 

It is now generally considered that entropy effects accompanying hydration of an ion 
consist of two major parts: an electrostatic effect arising from orientation and restriction 
of translational freedom of water molecules due to ion-dipole interaction, and secondly, 
restriction due to the formation of true covalent bonds between a donating centre of the 
solvent andtheion. It might be expected that where covalent bonding occurs, the entropy 
decrease per water molecule would be greater than in the case where only electrostatic 
interaction occurs. With most anions, and the cations of the most electropositive metals, 
the electrostatic effect will probably account for most of the entropy of hydration, while 
with more electronegative metals, where covalent bonding will occur, the second effect 
may well be the more important. Hydrogen bonding must play an important part where 
this can occur as it will with the fluoride and chloride anions, and at the outside of the 
first hydration shell with cations. However, in the case of most cations the small additional 
positive charges on peripheral hydrogen atoms of first-shell water molecules will probably 
make hydrogen bonding only slightly stronger than in the bulk of the solvent and 
restrictional entropy decreases with these molecules should be small. 

With ionic crystals, the degrees of freedom of the positive and negative ions will depend 
to some extent on the electrostatic field in which the ions are situated. This factor will be 
dependent on the size of the constituent ions. When the ions in a crystal become fully 
hydrated, the field intensity will be very considerably decreased, and this will greatly 
increase the entropy of the ions. This factor must be taken into account if the entropies of 
anhydrous and hydrated salts are compared. In effect, the loss of degrees of freedom by 
water molecules is greater than that assumed on the simple Ulich picture, for, although 
the water molecules are losing freedom, the ions are gaining freedom owing to the dilution 
of the potential field. The figures for the entropies of salt hydrates and anhydrous salts 
listed in Table 2 indicate that the entropy of the water molecules is far from being constant 
but varies from 6 to 11 entropy units. 
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The value used by Ulich of 6 kcal./mole for the entropy change accompanying solvation 
must be considered the smallest possible change, and it is of interest that if for the more 
electronegative metals an entropy decrease of about 10 kcal./mole is used, then very 
reasonable hydration numbers are obtained. For example, the transition-metal ions 
would have a hydration number of 6, the silver ion 2, etc. The case of the very small 
hydrogen ion must be considered separately. If we accept Eastman’s value (J. Amer. 
Chem. Soc., 1928, 50, 292) for the absolute entropy of the chloride ion, then the absolute 
entropy of hydration of the hydrogen ion is —23 kcal./mole. From the considerations 
mentioned above, the formation of the hydroxonium ion would account for a decrease of 
approximately 10 kcal./mole; this ion is still very small and woud be expected to have an 
entropy of hydration similar in magnitude to that of an alkali-metal ion which would easily 
account for remaining entropy decrease. 

The suggestion that the degrees of freedom, and hence entropy, of a water molecule 
bound to a cation are less than those in ice does not appear unreasonable when it is 
considered that around an ion there may be a tightly packed system of 6 or more molecules 
bound with much stronger linkages than the hydrogen bonds in ice. Rotational degrees 
of freedom must be very slight indeed. 

Similar considerations may now be applied to the entropies of ammination. We may 
as a first approximation suggest that the entropy of ammonia bound to a cation will be 
similar to the entropy of an ammonia molecule in solid ammonia. From an extrapolation 
of the data on the specific heat of ammonia found by Overstreet and Giauque (ibid., 1937, 
59, 255) the entropies of solid and liquid ammonia at 298° were calculated to be 16 and 
25 kcal./mole, respectively. Thus the entropy of fusion is approximately 9 kcal./mole. 
This idea was also tested by calculating approximately the entropy of hexa-amminonickel 
nitrate from Long and Toettcher’s specific-heat data (J. Chem. Phys., 1940, 8, 504) which 
gave a value of 140 kcal./mole compared with that of nickel nitrate, 50 kcal./mole calculated 
by Latimer’s approximation method (loc. cit.). The average entropy of the ammonia 
molecules in the ammine is thus approximately 15 kcal./mole. This is in good agreement 
with the Ulich model. Once more, however, the actual losses per molecule wil! be greater. 

As a first approach to the calculation of the entropies of ammination we might consider 
that the entropy change for each molecule of water replaced by an ammonia molecule will 
equal the difference in the entropies of fusion of ammonia and of water at 298°, or 
approximately —3 kcal./mole. By using this approximation and assuming that the number 
of water molecules in the aquo-cation is equal to the number of ammonia molecules in the 
ammine, the figures in Table 3 were obtained. 


TABLE 3. 
No. of —AS —AS No. of —AS -AS No. of —AS —AS 
Ion ligands (calc.) (found) Ion ligands (calc.) (found) Ion ligands (calc.) (found) 
H 1 . Ni 6 18 27 Hg 4(2) 6(12) 8 
Ag 2 . Zn 4 12 14 Li 3 9 12 
Cu 4 ; Cd 6 18 27 Mg 6 18 19 


The results calculated are of reasonable magnitude and suggest that each of the ions 
carries no more water molecules covalently bound than ammonia. If the ion carried more 
water, then the calculated entropy change would be more positive whereas in fact, except 
for the hydrogen ion, the measured results are more negative. The large decrease in 
entropy on ammination may in part be attributed to the shortening of the linkages in the 
ammines which would be accompanied by more configurational restrictions. 

A more fundamental approach may be made by consideration of the following entropy 
cycle : 

S; 


[M(H,O)m];* + »(NH,)e —>— [M(NH,),]* + m(H,0), 


AS 44% ASy ASsa y 4% AS» 
| 


| 
| 


+ a AS, . ‘ 
(M(H,0) mag. + ™(NHg)aq. —<— [M(NHg)a}ag. + m(H,O)aq. 
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where AS, = —AS of hydration of gaseous ion +(— AS) of hydration of gaseous ammonia ; 
AS, = entropy of ammination in the gas phase; AS, = AS of hydration of complex 
ion + entropy of condensation of water; AS, = —AS measured in the liquid phase; 
AS, + AS, + AS, + AS, = 0. 

If the first three of these steps could be calculated, AS, could be obtained. With 
present data only very approximate calculations can be made. Primarily we may assume 
that the entropy of hydration of the aquo-cation and of the ammine will be similar. This 
should be reasonable, particularly for larger ions with large values of and m, as these 
ions will be of similar size, and Latimer (Chem. Rev., 1936, 18, 349) has demonstrated that 
the entropy of hydration of a gaseous ion is a function of its size. Thus AS,, and AS,, will 
be considered approximately equal and will cancel out. The entropy of hydration of 
ammonia was calculated from free-energy data (Lewis and Randall, ‘‘ Thermodynamics,” 
McGraw-Hill, 1923), and heat of solution data (Bichowsky and Rossini, ‘‘ Thermo- 
chemistry,’’ Reinhold, 1936) and gave a value of —20 kcal./mole. At 298°, AS,» is 
approximately —29 kcal./mole. Considering AS,, we may assume that the general 
translational degrees of freedom of the complex ions remain unchanged and that the 
entropy changes are restricted to loss of degrees of freedom by the ammonia molecules and 
gain by the water molecules. As a first approximation we may consider that both gases 
when bound have an entropy equal to that in the solid state. As at 298° the entropies of 
gaseous ammonia and of gaseous water are 45 and 46 kcal./mole, respectively, and those of 
the solids are 9 and 16 kcal./mole, then AS, will equal 36m — 30n. 

If we consider the case of the hydrogen ion and put = m = 1, then 


AS, + AS, + AS, + AS, = 20+ 6 — 29 + AS, =0, and AS, = 3, 


and the measured entropy change will be —3 kcal./mole. Similarly, for the cupric ion, it 
being assumed that » = m = 4, 


AS, = —80 —24 + 116 = 12 


and the measured entropy will equal —12 kcal./mole. If for the latter case we use Ulich’s 
value of 10 for the solvation number of the cupric ion, then m = 10 and m = 4, and 


and the measured change would be +30 kcal./mole. It will be noted that, the above 
constants being used, the cycle will give the same calculated results as in Table 3. 

From considerations previously outlined, it appears that the entropy of a water mole- 
cule solvating the more electronegative cations is more likely to have an entropy of 
approximately 6 kcal./mole, and if a proportional decrease is allowed for the ammonia 
molecule then these new constants give much better agreement with the cases of the silver, 
nickel, and cadmium ions. It is obvious that, as with the salt hydrates listed in Table 2, 
there will be small differences in the entropies of the ammonia molecules in different cases, 
and as the degrees of freedom of the ammonia molecules will vary from case to case no set 
of constants will cover all results. 

If the assumptions in the above calculations are considered reasonable, it will be seen 
that, in general, the condition that the number of strongly bound water molecules is equal 
to the number of ammonia molecules in the ammine gives the best agreement with the 
experimental values. Making the hydration numbers larger causes the calculated 
entropies to be more positive whereas actually they should be more negative. 

A criticism which may be levelled at the above arguments is that in the cases considered 
where m > n it is still assumed that the entropy of hydration of the two complex ions is 
the same. This assumption can hardly be valid for cases like the hydrogen ion where » 
and m are small. However, with larger ions such as the nickel hexaquo-cation there will 
be little difference in the size and presumably in the entropy of hydration on the addition 
of another water molecule, especially when it is remembered how small the entropies of 
hydration of large ions like iodide and rubidium are. As mentioned in Part I (loc. cit.) 
the charge density on large complex ions is probably very small. To make the calculations 
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for the cupric ion invalid it would have to be assumed that the entropy of hydration of 
Cu(H,O),9°* is more positive than that of Cu(NH,),°* by 42 kcal./mol., which does not 
appear probable when it is considered that the absolute entropy of hydration of the cupric 
ion of radius 0-80 A is 62 kcal./mol. while the radius of the ammine will be approximately 
3-5 A. Again, this objection is to some extent overruled by the fact that, in general, 
ammines will be smaller than the aquo-complexes owing to the greater covalent character 
of the bonds, and this effect will tend to make the calculated entropies too positive. Owing 
to the more polar character of the bonds in the hydroxonium ion than in the ammonium 
ion, the entropy of solvation of the former may be greater than that of the latter, thus 
accounting for the negative value of the entropy calculated. 


Experimental.—The heats of formation of the ammines were measured in Dewar flasks at 
room temperature (14—17°). The flasks were fitted with a stirrer and a pipette with a seal of 
picene wax which could be broken when desired. The pipettes were immersed below the level 
of one of the reagents in the flask. In most runs the flasks contained 100 c.c. of M-ammonium 
hydroxide and the pipette contained 10 c.c. of approximately M-metal salt. An excess of 
ammonia was always present. Temperatures were measured with a Beckmann thermometer 
and heats of reaction were normally 1—2°. Duplicate runs were reproducable to +0-01°, 
Each experiment also involved the measurement of two heats of dilution so that an overall 
error of +.3% is possible. The flasks were calibrated both by electrical means and by measuring 
heats of neutralisation. 

Reagents were of ‘‘ AnalaR ”’ quality, and solutions were standardised by normal analytical 
procedures. In the case of the mercuric ion, a solution of mercuric nitrate was prepared by 
dissolving mercuric oxide in nitric acid and standardising the solution with pota*sium chloride. 
Experiments using mercuric chloride gave a AH of approximately half that of those using the 
nitrate. With zinc, cadmium, mercury, and magnesium ions, the measurements were carried 
out in 3M-ammonium nitrate to prevent basic salt formation. With lithium and magnesium 
the temperature changes were 0-1° or less so that greater errors are possible. In these cases 
10M-ammonium hydroxide was used. 
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376. Structural Chemistry of the Alkoxides. Part I. Amyloxides 
of Silicon, Titanium, and Zirconium. 


By D. C. Brapiey, R. C. MEHROTRA, and W. WARDLAW. 


The isomeric amyloxides M(OC,H,,), of titanium and zirconium have 
been prepared by alcoholysis. Boiling points (under reduced pressure) and 
molecular weights of these compounds and of m-amyl and neopentyl ortho- 
silicates have been measured. The influence of branching of the amyl group 
on the physical properties of these compounds is discussed. 


ALTHOUGH the preparation of the tetramethoxide and tetraethoxide of zirconium was 
reported as far back as 1929 (Meerwein and Bersin, Annalen, 476, 113) it was not until 1951 
that the remarkable influence of the nature of the alkyl group on the physical properties of 
the zirconium alkoxides was discovered (Bradley and Wardlaw, J., 1951, 280). It was then 
shown that the outstanding feature of zirconium alkoxides was the increased volatility 
as the alkyl group was changed from primary to secondary to tertiary. A survey of the 
literature revealed that a similar phenomenon occurred with the alkoxides of silicon and 
titanium but to a smaller degree. 

We are now making a detailed study of the relations between structure and physical 
properties amongst the alkoxides of Group 1V elements and related elements. The results 
now presented lend strong support to the theory proposed in our earlier paper (loc. cit.). 
It was suggested that intermolecular bonding of unusual strength might be responsible for 
the low volatility of the primary alkoxides, whilst branching of the alkyl group prevents 
this association. To test the validity of this the isomeric amyloxides of silicon, titanium, 
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and zirconium were studied. This series was selected because the molecular weight of 
alkyl group remained constant and particularly because little was known about the 
properties of these compounds. 
The new alkoxides were prepared from the isopropoxides by the following reactions : 
Ti(OPr'), + 4C5H,,-OH —> Ti(OC;H,,), + 4Pr“OH 
Zr(OPr'),,Pr“OH + 4C;H,,°OH —~> Zr(OC;H,,), + 5Pr-OH 
Provided certain precautions are taken, quantitative yields of the required alkoxides can 
be obtained when using the minimum amount of amy] alcohol. 
The following table summarises our results : 


Titanium alkoxide Zirconium alkoxide 
— 








Molecular Molecular 
Alcohol . p./mm. M complexity B. p./mm. M complexity 
CH,Me-CH,°CH,°CH,°OH ... 5°/0-8 565 l- 256°/0-01 1428 3-2 
CHMe,°CH,°CH,*OH 48° /0-1 490 1-3 247°/0-1 1462 : 
CHMeEt-CH,-OH 54°/0-5 422 l- 238° /0-1 1615 
CMe,°CH,°OH 5° /0-05 500 1 188° /0-2 1051 
CHEt,*OH 2° 0-05 399 1- 178° /0-05 868 
CHMePrrOH 35°/1-0 410 1- 175° /0-05 860 
CHMePr-OH q 0-5 415 l- 156° /0-01 870 
CMe, Et-OH 98° /0-1 405 - 95°/0-1 455 
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In addition we found that the »-amyloxide of silicon (b. p. 134°/0-1 mm.), although 
monomeric, was much less volatile than the isomeric meopenty] orthosilicate (b. p. 85°/0-1 
mm.). 

The striking change in volatility of the amyloxides is seen more effectively in Fig. 1 
where the boiling points at 0-1 mm. are compared. 

The important points which emerge from our detailed study of these amyloxides are as 
follows. Branching of the amyl groups leads to increased volatility in the alkoxides of 
silicon, titanium, and zirconium but the effect is most pronounced with the zirconium 
derivatives. Further it is established that volatility is directly related to molecular 
complexity (determined ebullioscopically in benzene) in the amyloxides of zirconium. 
Although less pronounced, a similar trend in molecular complexity occurs with the titanium 
derivatives, but there is little doubt that all the amyloxides of silicon are monomeric. 

It seems reasonable to suppose that intermolecular bonding accounts for the abnormally 
high boiling points of the less branched compounds and involves the mechanism (I). 
MY oO. This type of molecular association will be strongly opposed when the 

Yo —»M% NR central atom is shielded by branched alkoxide groups. In the 
RY (I) monomeric amyloxides it is evident that the shielding is complete. 

The contrast between the properties of the alkoxides of zirconium on the one hand and 
those of titanium and silicon on the other, invites some comment. It may well be that this 
behaviour is connected with the atomic radius of the central atom. Thus zirconium will 
require more effective shielding than the smaller silicon or titanium. It is noteworthy that 
in combination with oxygen the maximum covalency of silicon and of titanium is 6 whereas 
zirconium can exhibit a covalency of 8. 

The alternative possibility cannot be ignored that the abnormal behaviour of zirconium 
is due to the intermolecular bonding OM being stronger for zirconium than for silicon 
or titanium, and as a consequence the complex structure of zirconium alkoxides may 
persist in the vapour phase. This view is supported by the linear relation between mole- 
cular complexity and boiling point for the amyloxides of zirconium (Fig. 2; for fractional 
values of molecular complexity the lower integer is taken, e.g., 3-3 becomes 3). The 
possibility that complex molecules exist in the vapour is being investigated experimentally. 

In our earlier communication (loc. cit.) it was observed that the influence of chain 
branching on volatility might arise from the (+-J) effect of the alkyl group. For example, 


the structure R—O=Zr would be stabilised by the (+-J) effect of the group R, and it is known 
that the (+J) effect increases in the order primary <secondary <tertiary. Although this 
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“intramolecular ’’ bonding may be present in tertiary alkoxides there is evidence which 
supports the view that steric effects predominate in determining the volatility and com- 
plexity of the alkoxides. In Figs. 1 and 2 it is clear that the meopentyloxide behaves as 
though it were a ‘‘ secondary ’’’ amyloxide. Since the (+) effects of the primary amyl 


groups are similar in magnitude, it is concluded that the abrupt change in physical properties 
must arise from the enhanced steric effect of the neopentyl group. 


Fic. 1. Fic. 2 
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EXPERIMENTAL 

A pparatus.—All-glass apparatus fitted with standard interchangeable joints was used and 
special precautions were taken to exclude moisture. In the alcoholysis experiments fraction- 
ations were carried out by using a column (60 cm.) packed with Fenske helices and fitted to a 
total-condensation variable take-off stillhead. 

Reagents.-—With the following exceptions, the alcohols were commercial products of reagent 
grade. 1-Methylbutanol and 1 : 2-dimethylpropanol were prepared from acetaldehyde and the 
appropriate Grignard reagents. meoPentyl alcohol was prepared by Conant, Webb, and 
Mendin’s method (J. Amer. Chem. Soc., 1929, 51, 1246). Each alcohol was finally purified by 
fractionation in the apparatus described above. 

Titanium isopropoxide was prepared by R. Gaze’s method (to be published), which involved 
treatment of a solution of titanium tetrachloride and isopropanol in benzene with ammonia. 
The final product was distilled at 80°/2-0 mm. (yield 72%) [Found: Ti, 16-9; Pr'O, 82-9. 
Calc. for Ti(OC,H,),: Ti, 16-85; PriO, 83-15%]. 

Zirconium isopropoxide was prepared from the tetrachloride by a modification of the original 
method (loc. cit.). Benzene was employed as solvent and only about 20% excess over the 
theoretical amount of isopropanol was added. Thus the initial reaction between zirconium 
tetrachloride and isopropanol was moderated and the removal of ammonium chloride could be 
completed in a single operation. After four recrystallisations from isopropanol, pure zirconium 
isopropoxide (66%) was obtained [Found : Zr, 23-55; Pr'O, 76-2. Calc. for Zr(OPr'),,Pr'OH : 
Zr, 23-5; PriO, 76-2%]}. 

Analytical Methods.—Titanium and zirconium were determined gravimetrically as the oxides. 
isoPropoxide was determined volumetrically as previously described (loc. cit.). Carbon and 
hydrogen analyses were carried out by Messrs. Weiler and Strauss (Oxford), to whom we express 
our thanks for their co-operation in dealing with these difficult substances. 

Molecular Weights.—A conventional pattern Menzies—Wright ebulliometer was fitted with a 
side cone (B. 19) for rapid introduction of samples. Above the condenser was fitted a socket 
(B. 24) for fixing either a still-head or the differential water-thermometer. Liquid samples 
were delivered from an all-glass weight pipette. ‘‘ AnalaR’”’ Benzene (sodium-dried) was 
fractionated with a 90-cm. column packed with Fenske helices. 
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In an experiment about 38 c.c. of benzene were collected in the clean dried apparatus and 
then distilled until a convenient volume (at the b. p. ca. 35c.c.) remained. The whole apparatus 
was surrounded by a tubular draught shield. After the usual preliminary measurements, 
successive additions of solute were made, and each elevation recorded was the mean of five or six 
separate readings. In most cases freshly distilled samples of alkoxide were taken and the best 
linearity of elevation (AT) against weight of solute (m) was found with the monomeric sub- 
stances. 

The apparatus constant (per 100 c.c. of solvent) was determined by using azobenzene (31-49) 
and benzil (31-47). 

The results are collected in the table. 


Ebullioscopic Results. 


No. of Range of Benzene, M, M, 

Alkoxide detmtns. m, g. C2. AT jm found calc. 

Ti(O-CH,°CH,°CH,°"CH Me), ... f 0-167—1-116 36-2 0-154 565 396-5 
Ti(O-CH,*CH,*CHMe,), : 0-130—0-693 35-0 0-184 
Ti(O-CH,*CHMe’CH,Me), é 0-089—0-866 35-0 0-213 
Ti(O-CH,°CMe,), 0-163—0-545 36-7 0-172 
Ti(O-CHEt,), 0-165—1-018 34-95 0-226 
Ti(O-CHMe-CH,CH,Me), ...... : 0-209—1-143 35-9 0-214 
Ti(O-CHMe-CHMe,), 0-196—0-974 34-9 0-218 
Ti(O-CMe,*CH,Me), 0-222—1-357 34-0 0-229 


Zr(O-CH,"CH,°CH,"CH,Me), 
Zr(O-CH,°CH,"CHMe,), 
Zr(O"CH,"CH Me-CH,Me), 
Zr(O-CH,*CMe;), 
Zr(O-CHEt,), 
Zr(O-CHMe’CH,’CH,Me), 
Zr(O-CHMe-CHMe,), 
Zr(O*CMe,*CH,Me), 
Si(O-CH,°CH,°CH,-CH,Me), 


ns 
aS 


0-567—1-785 
0-152—0-997 
0-188—0-983 
0-344—1-698 
0-200—0-936 
0-213—0-886 
0-215—1-427 
0-555—2-037 
0-327—1-230 


0-0618 
0-060 
0-0548 
0-O815 
0-104 
0-102 
0-102 
0-193 


0-252 . 376-6 
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Boiling Points.—Owing to the low volatility of most of the alkoxides, distillations had to be 
carried out at low pressures. Considerable efforts were made to standardise conditions, and the 
results are suitable for a preliminary comparative survey. The same semimicro-fractionation 
apparatus, fitted with a capillary leak and a “ pig’’ for collecting three fractions, was used 
throughout, together with a Vacustat reading from 10-0 to 0-01 mm. In doubtful cases the 
product was redistilled until the b. p. remained constant within 0-2°. In some cases the b. p. 
at 0-1 mm. pressure had to be calculated from data at different pressures. Within the range 
1-0—0-01 mm. pressure the following relations were assumed to hold : 

5 2 

14 6 
These figures are based on experiments on different alkoxides and it is believed that the corrected 
results are reliable to within +5°. Accurate vapour-pressure measurements are being carried 
out and will be reported later. 

Alcoholysis Experiments.—The same technique for preparing titanium or zirconium alkoxides 
by alcoholysis was used throughout and detailed descriptions will be given only in two examples. 
By conducting the reactions in benzene the minimum quantity of alcohol was used. This is 
important for two reasons. First, some of the alcohols are expensive or inaccessible, and, 
secondly, side reactions are avoided especially with tertiary alcohols. Moreover, the iso- 
propanol liberated in the reaction is readily removed by fractionation as the azeotrope with 
benzene, so the extent and speed of the reaction are easily observed. In general, the rates of 
alcoholysis for the titanium alkoxides were greater than the rates for the corresponding zir- 
conium alkoxides. 

Titanium Tetra-n-pentyloxide.—Titanium isopropoxide (6-4 g.) in benzene (60 c.c.) was 
caused to react with n-pentanol (9-1 g., b. p. 136°/750 mm.) at 130—140° under the fraction- 
ation column. During 1 hour’s fractionation about 20 c.c. of azeotrope (b. p. 71—72°) were 
collected, followed by 10 c.c. of benzene. The remainder of solvent was evaporated off under 
reduced pressure, and the titanium amyloxide distilled at 175°/0-8 mm. (158°/0-1 mm.) and 
collected as a colourless liquid (8-4 g.) [Found: Ti, 12-16. Calc. for Ti(OC;H,,),: Ti, 12-09%]. 
Cullinane, Chard, Price, Millward, and Langlois (J. Appl. Chem., 1951, 1, 400) found b. p. 
211°/11 mm., 314°/760 mm., and M (cryoscopic in benzene) 980. 
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Zirconium Tetra-n-pentyloxide.—Zirconium isopropoxide (5-7 g.) in benzene (60 c.c.) was 
treated at 130—140° with n-pentanol (10-7 g.), and 12 c.c. of azeotrope were collected in 2 hours. 
The b. p. of distillate (reflux ratio >20: 1) then rose steadily from 72° to 80°, a clear indication 
of a slow alcoholysis reaction. About 30 c.c. of distillate, b. p. 80°, were collected, and the 
remainder of solvent was removed under reduced pressure. The final product was distilled at 
256°/0-01 mm. (276°/0-1 mm.) and the colourless viscous distillate (6-2 g.) soon became coloured 
in contact with dry air [Found: Zr, 20-83. Calc. for Zr(OC;H,,),: Zr, 20-75%). 

Titanium Tetra-3-methylbutoxide).—Titanium isopropoxide (8-5 g.) and 3-methylbutanol 
(15-5 g.; b. p. 129-8°/750 mm.) in benzene (70 c.c.) were caused to react as described above. 
The alkoxide (11-5 g., b. p. 148°/0-1 mm.) set to a colourless glass at room temperature [Found : 
Ti, 12-07. Calc. for Ti(OC,H,,),: Ti, 12-09%]. At higher solute concentrations than are given 
in the table the degree of association was higher: e.g., m = 0-919, M = 531; m = 1,069, 
M = 542. Cullinane et al. (loc. cit.) found b. p. 214°/25 mm., M (cryoscopic), 553—857. 

Zirconium Tetra-(3-methylbutcxide).—Zirconium isopropoxide (6-3 g.) in benzene (70 c.c.) 
was treated with 3-methylbutanol (9-2 g.) in the usual way. The new alkoxide was a colourless 
glassy solid (7-0 g., b. p. 247°/0-1 mm.) [Found: Zr, 21-05; C, 53-4; H, 98. Zr(OC;H,,), 
requires Zr, 20-75; C, 54-6; H, 10-1%]}. 

Titanium Tetra-(2-methylbutoxide).—Titanium isopropoxide (5-5 g.) and 2-methylbutanol 
(10-4 g., b. p. 128°/755 mm.) reacted together in benzene (60 c.c.) as before. After distillation at 
154° /0-5 mm. (140° /0-1 mm.), the final product was a colourless solid (7-6 g.) (Found: Ti, 12-14%). 

Zirconium Tetra-(2-methylbutoxide).—Zirconium isopropoxide (5-0 g.) in benzene (60 c.c.) 
was treated with 2-methylbutanol (8-7 g.), and the new alkoxide distilled at 238°/0-1 mm. The 
colourless liquid distillate set to a glassy solid (5-5 g.) (Found: Zr, 20-95%). The value of M 
(table) may be high owing to ageing (3 days) of the sample before the determination was carried 
out. 

Titanium Tetraneopentyloxide.—Titanium isopropoxide (3-5 g.) and meopentyl alcohol 
(5-1 g., b. p. 113-5°/755 mm.) were caused to react in benzene (28-8 g.) at 130°, and the azeo- 
trope was collected. The solution was concentrated to 10 c.c. and then deposited crystals 
which were separated and dried at room temperature (0-5 mm. pressure) for 6 hours [Found : 
Ti, 12-20; C,58-6; H, 10-9. Ti(OC;H,,), requires Ti, 12-09; C, 60-6; H,11-2%]. The mother 
liquor was dried under reduced pressure to a white solid which melted at ca. 70° (bath temp.), 
the liquid distilling at 105°/0-05 mm. (111°/0-1 mm.). The white crystalline distillate of the 
alkoxide melted sharply at 64° (Found: Ti, 12-24%). 

Zirconium Tetraneopentyloxide.—The alcoholysis reaction of zirconium isopropoxide (8-0 g.) 
with neopentyl alcohol (8-8 g.) in benzene (50 c.c.) required 3 hours at 130° for completion. 
Solvent was evaporated at reduced pressure and a white solid was deposited. This melted 
between 150° and 160° (bath temp.) and distilled at 176° /0-05 mm. or 188°/0-2 mm, (182°/0-1 mm.) 
The distillate, a white crystalline mass of the alkoxide (8-6 g.), melted between 154° and 157 
(Found: Zr, 21-01; C, 52-8; H, 9-8%]. 

Titanium Tetra-(l-ethylpropoxide).—Titanium isopropoxide (11-1 g.) in benzene (70 c.c.) 
reacted with l-ethylpropanol (16-5 g.; b. p. 115-4°/755 mm.) and the new titanium alkoxide 
distilled at 112°/0-1 mm. The distillate, a colourless mobile liquid (15-2 g.), was only slowly 
hydrolysed in moist air [Found : Ti, 12-12; C, 59-0; H, 11-0%). 

Zirconium Tetra-(l-ethylpropoxide).—Zirconium isopropoxide (9-2 g.) in benzene (80 c.c.) 
reacted with l-ethylpropanol (11-6 g.). The new zirconium alkoxide distilled at 178°/0-08 mm. 
(181°/0-1 mm.) and gave a colourless glassy solid (10-4 g.) (Found: Zr, 20-80%). 

Titanium Tetra-(1-methylbutoxide).—The alcoholysis of titanium isopropoxide (6-2 g.) 
with l-methylbutanol (13-4 g.; b. p. 118-5°/750 mm.) in benzene (60 c.c.) afforded a colourless 
mobile liquid (8-2 g.) which was distilled at 135°/1-0 mm. (115°/0-1 mm.) [Found: Ti, 12-12; 
C, 57-8; H, 11-0%]). 

Zirconium Tetra-(\-methylbutoxide).—Zirconium isopropoxide (4-7 g.) reacted in benzene 
(40 c.c.) with 1-methylbutanol (8-8 g.) in the usual way. The final product was distilled at 
175°/0-08 mm. (178°/0-1 mm.) and gave a colourless viscous liquid (5-0 g.) (Found: Zr, 20-85%). 

Titanium Tetra-(1 : 2-dimethylpropoxide).—Titanium isopropoxide (6-5 g.) in benzene (70 c.c.) 
reacted with 1 : 2-dimethylpropanol (11-0 g.; b. p. 111°/753 mm.) to give the titanium alkoxide, 
which distilled at 131°/0-5 mm. (117°/0-1 mm.) and gave a colourless mobile liquid (5-0 g.) 
(Found: Ti, 12-12%). 

Zirconium Tetra-(1 : 2-dimethylpropoxide).—Zirconium isopropoxide (8-0 g.) and 1: 2- 
dimethylpropanol (10-3 g.) in benzene (70 c.c.) afforded the new alkoxide; after distillation at 
156° /0-01 mm. (176°/0-1 mm.), this set to a colourless opaque solid (8-3 g.) (Found: Zr, 21-13%). 
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Titanium Tetva-(1 : 1-dimethylpropoxide).—From the alcoholysis reaction between titanium 
isopropoxide (8-4 g.) and 1: l-dimethylpropanol (13-0 g.; b. p. 101-4°/740 mm.) in benzene 
(80 c.c.) a colourless mobile liquid (11-6 g., b. p. 98°/0-1 mm.) was isolated (Found : Ti, 12-08%). 
(This compound was first prepared by D. C. Hancock, Thesis, London Univ., 1952.) 

Zirconium Tetra-(1 : 1-dimethylpropoxide).—1 : 1-Dimethylpropanol (16-0 g.) and zirconium 
isopropoxide (12-4 g.) in benzene (75 c.c.) afforded the new alkoxide as a colourless mobile liquid 
(13-7 g.), b. p. 95°/0-1 mm., 121°/2-0 mm., which slowly discoloured in dry air [Found: Zr, 
20-75; C, 53-85; H, 10-4%). 

n-Amyl Orthosilicate.—n-Amy] alcohol (28-5 g.) was added dropwise to silicon tetrachloride 
(13-2 g.) and a vigorous reaction took place with evolution of hydrogen chloride. Removal of 
this gas was completed by aspiration with dry nitrogen (2 hours) and the final product distilled 
at 143°/0-3 mm. The pale brown distillate was redistilled (134°/0-1 mm.) and gave a colourless 
product (20 g.) [Found: Si, 7-48. Calc. for Si(OC,H,,),: Si, 7-45%]. Ridge and Todd (/., 
1949, 2637) found b. p. 302—304°/760 mm. 

neoPentyl Orthosilicate.—A preliminary experiment showed that neopentyl alcohol reacted 
with silicon tetrachloride in light petroleum to give a white gelatinous precipitate. Accordingly, 
the reaction was conducted in the presence of pyridine. Silicon tetrachloride (4-4 g.) was added 
dropwise to a solution of neopenty] alcohol (10 g.) and pyridine (11-7 g.; ‘“‘ AnalaR,”’ dried over 
barium oxide) in light petroleum (40 c.c.). Next morning, the pyridine hydrochloride was 
separated and from the filtrate a colourless solid (6 g.) was isolated which was distilled (b. p. 
85°/0-1 mm.; 94°/0-3 mm.). The neopentyl orthosilicate set to a white crystalline solid which 
softened at 70° and melted at 75—76° (Found : Si, 7-51%). 


One of us (R. C. M.) thanks the British Council for a Scholarship and Allahabad University for 
study-leave. 
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377. The Preparation of Zirconium Alkoxides. 
By D. C. BrapLey, F. M. App-EL HAtim, E. A. SADEK, and W. WARDLAW. 


The preparation of (C;H,N),ZrCl, (C;H,N = pyridinium) from zirconyl 
chloride or zirconium tetrachloride is described. The zirconium alkoxides 
Zr(OR),, where R = Et, Pr’, Bu’, and Bu®, were prepared by treatment of 
(C,;H,N),ZrCl, and the alcohol (ROH) with ammonia in benzene. The 
complex zirconium chloride reacted with ¢ert.-butyl alcohol and ammonia in 
pyridine and gave ZrCl(OBu'),,2C;H;N. This compound was converted 
into the mixed alkoxide Zr(OEt)(OBu'), which disproportionated when 
heated, to give zirconium tetra-tert.-butoxide. (C;H,N),Zr(OEt)Cl, was 
obtained from the reaction between sodium ethoxide and (C,H,N),ZrCl,. 


RECENTLY a new method for the preparation of zirconium alkoxides was reported (Bradley 
and Wardlaw, /J., 1951, 280) involving the treatment of alcoholic solutions of zirconium 
tetrachloride with ammonia : 


ZrCl, + 4ROH + 4NH, —> Zr(OR), + 4NH,Cl 


The method was particularly successful in the preparation of zirconium itsopropoxide 
which was readily purified by crystallisation as the complex Zr(OPr'),,PriOH. By alcohol 
interchange other alkoxides could be prepared from the isopropoxide : 


Zr(OPr'),,Pr'OH + 4ROH —> Zr(OR), + 5Pr'OH 


Further work (Bradley, Mehrotra, and Wardlaw, J., 1952, 2027) has demonstrated the 
wide scope of this procedure. However, the ammonia method proved unsuitable for the 
preparation of tetra-tertiary-alkoxides. Moreover, it required the use of zirconium tetra- 
chloride which could not be readily obtained in a high state of purity. In seeking to 
avoid the use of the tetrachloride attention was directed to zirconyl chloride, which is 
readily obtainable and stable in air. We discovered that when a solution of ZrOCI,,6H,O 
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in alcoholic hydrogen chloride was treated with pyridine a quantitative yield of pure 
(C;H,N),ZrCl, was obtained (C;H,N = pyridinium). 

The alkoxides Zr(OR),, where R = Et, Pr’, Bu’, and Bu®, were obtained in a pure 
state by passing ammonia into a suspension of (C;H,N),ZrCl, in a mixture of benzene and 
the alcohol in accordance with the reaction : 


(C;H,N).ZrCl, + 4ROH + 6NH, —> Zr(OR), + 6NH,CI + 2C,H,N 


In the case of the tsopropoxide a compound having an addendum of pyridine 
Zr(OPr'),,C;H;N was obtained but this was converted into the alcoholate Zr(OPr'),,Pr'OH 
by crystallisation from isopropyl alcohol. 

With ¢ert.-butyl alcohol the reaction was less vigorous and no zirconium tetra-tert.- 
butoxide was isolated. Further investigation revealed that (C;H,N),ZrCl, was soluble in 
pyridine and when this solution was treated with excess of ammonia in the presence of 
tert.-butyl alcohol the following reaction was realised : 


(C;H,N).ZrCl, + 3ButOH + 5NH, —> ZrCl(OBu‘),,2C,H,N + 5NH,Cl 


Prolonged treatment with sodium fert.-butoxide failed to replace the chlorine in the 
zirconium complex. However, complete replacement of the chlorine was effected when 
the complex, dissolved in benzene and the requisite amount of ethanol, was treated with 
ammonia. The reaction can be expressed as follows : 


ZrCl(OBut);,2C,H,;N + EtOH + NH, —> Zr(OEt)(OBu'), + NH,Cl + 2C,H,N 


Ethoxyzirconium tri-tert.-butoxide is the first recorded example of a mixed alkoxide of 
zirconium. When heated under reduced pressure it disproportionated and gave the 
required zirconium tetra-tert.-butoxide. 

In the earlier method for preparing zirconium alkoxides (Bradley and Wardlaw, 
loc. cit.) the amount of hydrolysis which occurred depended on the type of alcohol employed 
and increased in the order, primary < secondary < tertiary. It was suggested that this 
hydrolysis arose from the water formed in the second stage in the following scheme : 


ZrCl, + ROH —» ZrCl,(OR) + HCl 
HCl + ROH —»> RCI + H,O 


It is noteworthy that in the reaction between pyridinium hexachlorozirconate, alcohol, 
and ammonia, where no hydrogen is present, the zirconium alkoxides formed are free from 
hydrolysis products even when fert.-butyl alcohol is employed. 

Some preliminary experiments on the reaction between (C;H,N),ZrCl, and sodium 
ethoxide in ethanol gave interesting results. For example, when equimolecular proportions 
were employed the reaction took the following course : 


(C;H,N).ZrCl, + NaOEt —> (C;H,N).Zr(OEt)Cl, + NaCl 


The pyridinium ethoxypentachlorozirconate could be crystallised from ethanol. 


EXPERIMENTAL 


Apparatus.—All-glass apparatus fitted with standard joints was used and, except for the 
preparation of pyridinium hexachlorozirconate, special precautions were taken to exclude 
moisture. 

Chemicals.—Zircony1 chloride was recrystallised from hydrochloric acid (d 1-18) containing 
alcohol (to 15% v/v), and the product, after being dried over sodium hydroxide (pellets), had the 
composition ZrOCl,,6H,O. Commercial zirconium tetrachloride was used without further 
purification. 

The methods for drying alcohols or solvents and for the analysis of products have previously 
been described (Bradley and Wardlaw, and Bradley, Mehrotra, and Wardlaw, Jocc. cit.). 

Pyridinium Hexachlorozirconate.—(a) From zirconium tetrachloride. Zirconium  tetra- 
chloride (23 g., 1 mol.) was dissolved in absolute alcohol (150 c.c.), and the solution filtered to 
remove insoluble impurities. To the filtrate, saturated with hydrogen chloride, a solution of 
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pyridine (15-7 g., 2 mols.) in alcohol (50 c.c.) was added. The crystalline product (44 g.) was 
dried at 80°/0-1 mm. [Found: Zr, 19-4. Cl, 45:3. Calc. for (CsH,N),ZrCl,: Zr, 19-6; Cl, 
45-8%). 

(b) From zirconyl chloride. The chloride ZrOCl,,6H,O (57 g.) was dissolved in boiling 
absolute alcohol (700 c.c.), and the solution saturated with hydrogen chloride. Addition of 
pyridine (31-4 g.) gave a mass of crystals immediately. The product (91 g.) was washed with 
alcohol and dried at 120°/2 mm. (Found: Zr, 19-5; Cl, 45-5%). The complex zirconium 
chloride is soluble in water or pyridine but insoluble in benzene or carbon tetrachloride. It is 
sparingly soluble in ethanol and can be crystallised from methanol without change. 

Zirconium Tetraethoxide.—A suspension of pyridinium hexachlorozirconate (22-3 g.) in a 
mixture of ethanol (50 c.c.) and benzene (200 c.c.) was treated with ammonia until the exothermic 
reaction was complete. After removal of the granular precipitate, the filtrate was evaporated 
and gave a solid product (12 g.) which still retained pyridine (ca. 2%) after being dried 
at 120°/1-(0 mm. Distillation at 180°/0-1 mm. bave pure crystalline zirconium tetraethoxide 
(Found: Zr, 33-9; EtO, 65-9. Calc for C,H,,O,Zr: Zr, 33-6; OEt, 66-4%). 

Zirconium isoPropoxide.—A mixture of isopropyl alcohol (80 c.c.) and benzene (150 c.c.) 
was added to the complex zirconium chloride (20-5 g.), and ammonia passed into the suspension 
until the reaction was complete. The precipitate was removed and the filtrate evaporated ; 
a solid (12-2 g.) remained which smelled of pyridine and had the composition [Zr(OPr'),),,C;H,N. 
A portion (5-1 g.) of this complex was recrystallised from pyridine (12 c.c.) and the crystalline 
product (4-9 g.) dried at room temperature (0-5 mm.) (Found: Zr, 22-8; Pr'O, 58-7. 
C,,H,,0,Zr,C,H,N requires Zr, 22-4; PriO, 58-1%. The remainder of the original product 
(5 g.) was recrystallised twice from isopropyl alcohol (20 c.c.), and the product (3-7 g.) dried at 
room temperature (Found: Zr, 23-9; OPr', 75-5. Calc. for C,,H,,O,Zr,C,H,-OH : Zr, 23-6; 
OPri, 76-2). 

Zirconium Tetra-n-butoxide.—A suspension of the complex zirconium chloride (18 g.) in a 
mixture of n-butyl alcohol (50 g.) and benzene (200 c.c.) was allowed to react with excess of 
ammonia. The zirconium tetra-n-butoxide isolated from the products was a highly viscous 
substance (11-5 g.) which was distilled at 260°/0-1 mm. (Found: Zr, 24-0. Calc. for C,,H,,0, : 
Zr, 23-8%). 

Zirconium Tetra-sec.-butoxide.—From the reaction involving the complex zirconium chloride 
(16-5 g.), sec.-butyl alcohol (70 g.), and ammonia in benzene (200 c.c.) the zirconium tetra-sec.- 
butoxide was obtained as a viscous compound (9-5 g.) which could be distilled at 180°/0-1 mm. 
(Found: Zr, 23-9%). 

The Complex, ZrCl(OBu'),,2C;H;N.—Ammonia was passed into a solution of the complex 
zirconium chloride (12-5 g.) in a mixture of fert.-butyl alcohol (70 g.) and pyridine (100 c.c. ; 
dried over barium oxide). The treatment with ammonia was continued for 2 hours after the 
products had cooled to room temperature. The filtered solution was evaporated to dryness and 
gave a solid complex (5-8 g.) which was dried at 40°/1-0 mm. (Found: Zr, 18-5; Cl, 6-9. 
C,,H,,OCIZr,2C,H,;N requires Zr, 18-1; Cl, 7-:0%). The foregoing product was treated with a 
solution of sodium (0-3 g.) in ¢ert.-butyl alcohol (45 c.c.) at the b. p. for 2 hours; a small amount 
of very finely divided solid was deposited. After filtration with the aid of ‘‘ Hyflo Super-cell ”’ 
the solution was concentrated until crystals of sodium ¢ert.-butoxide appeared. No zirconium 
tetra-tert.-butoxide was isolated from the remaining solution. 

Zirconium Tetra-tert.-butoxide.—A solution of the complex zirconium chloride (19-4 g.) in 
tert.-butyl alcohol (50 c.c.) and pyridine (150 c.c.) was treated with excess of ammonia. After 
filtration and evaporation of the filtrate to dryness a white solid complex (9 g.) was obtained 
(Found: Zr, 18-4; Cl, 69%). The ZrCl(OBu‘),,2C;H;N (8-0 g.) was dissolved in benzene 
(76 g.), and sufficient ethanol (0-8 g.) added to satisfy the requirements of the equation : 


ZrCl(OBu'),,2C,H,N + EtOH + NH, —> Zr(OEt)(OBu‘), + NH,Cl + 2C,H,N 


Ammonia was passed into the solution which became warm and gave a precipitate. After 
filtration and removal of solvent the chloride-free solid (4-7 g.) was dried at 40°/1 mm. (Found : 
Zr, 25:2. C,,H3,0,Zr requires Zr, 25-7%). The ethoxyzirconium tri-tert.-butoxide (4-5 g.) was 
heated under 0-1 mm. pressure and melted between 110—130°. Disproportionation occurred 
at 180° and zirconium tetra-tert.-butoxide (3-0 g.; b. p. 50°/0-2 mm.) was collected (Found : 
Zr, 24:1. Calc. for C,,H;,0,Zr: Zr, 23-8%). 

Pyridinium Ethoxypentachlorozirconate.—Sodium (0-86 g., 0-037 g.-atom) was allowed to 
react with ethanol (20 c.c.), and the resulting solution added dropwise to a suspension of 
pyridinium hexachlorozirconate (17-35 g., 0-037 g.-mol.) in ethanol (100 c.c.) at the b. p. The 
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crystalline complex zirconium hexachloride was slowly consumed and replaced by a finely 
divided precipitate during 5 hours’ heating. The products were allowed to cool but during the 
subsequent slow filtration a crystalline product separated. Accordingly the residue and filtrate 
were recombined and more ethanol (200 c.c.) was added. After the mixture had been refluxed 
for 2 hours it was cooled and filtered. The filtrate was evaporated to dryness and gave a white 
solid salt [Found: Zr, 19-0; Cl, 37-1; OEt, 93. (C,;H,N),Zr(OC,H;)Cl, requires Zr, 19-2; 
Cl, 37-4; OEt, 9-5%]. 


We thank Magnesium Elektron Ltd. for a gift of zircony! chloride. 


BIRKBECK COLLEGE, Lonpon, W.C.1. (Received, February 29th, 1952.) 





378. Potential Trypanocides of the N-Heterocyclic Series. Part VI.* 
Compounds derived from Phenanthridine-9-aldehydes. 


By A. G. CALDWELL. 


Phenanthridine-9-aldehyde and five derivatives of it have been prepared 
by selenium dioxide oxidation of the 9-methylphenanthridines in dioxan. 
In five examples 1 : 2-di-9’-phenanthridinylethylenes have been isolated as 
by-products and their constitutions proved by synthesis. Phenanthridine-9- 
aldehyde reacts with 9-methylphenanthridine in dioxan, to give 1 : 2-di-9’- 
phenanthridinylethanol (IV), 1: 2-di-9’-phenanthridinylethylene, and a 
little 1: 2: 3-tri-9’-phenanthridinylpropane (V). The alcohol (IV) is de- 
hydrated by treatment with selenium dioxide in aqueous dioxan to form 
the diphenanthridinylethylene, and it is suggested that the by-products in 
the oxidations are produced in this way. 

Girard derivatives (VI and VII) of some of the aldehydes and 1-methyl- 
2- and -4-[2’-(9’’-phenanthridinyl)vinyl)}pyridinium salts (VIII and IX) have 
no trypanocidal acitvity. 6-Amino-2-[2’-(3’’-amino-9’-phenanthridiny])- 
vinyl}-1-methylquinolinium bromide (X; R = R’ = NH,, A = Br) is slightly 
active against T. rhodesiense. 


THE structural features necessary to produce trypanocidal activity in phenanthridinium 
salts have been widely investigated, and in certain cases are now well defined (Brownlee, 
Goss, Goodwin, Woodbine, and Walls, Brit. ]. Pharmacol., 1950, 5, 261). Although non- 
quaternary phenanthridine derivatives are in general inactive, it seemed of interest to 
investigate compounds having suitable substituents in an unquaternised phenanthridine 
system but with a quaternary salt grouping elsewhere in the molecule. Wien (ibid., 1946, 
1, 65) has found (I; R = H, R’ = NH,) (Petrow, J., 1947, 1410) to have slight trypanocidal 
activity, although the 7-amino-isomer (I; R = NH,, R’ = H) is inactive. Some com- 
pounds having the required features have now been prepared from substituted phen- 
anthridine-9-aldehydes. 

Phenanthridine-9-aldehyde (II; R = R’ = R” = H) has previously been prepared 
by selenium dioxide oxidation of 9-methylphenanthridine in ethyl acetate (Ritchie, /. 
Proc. Roy. Soc., New South Wales, 1945, 78, 164). When dioxan is the solvent, the yield of 


e 
‘ \ 
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this aldehyde is somewhat inferior to that reported by Ritchie, but the method is satis- 
factory for substituted phenanthridine-9-aldehydes where solubilities in ethyl acetate are 
less favourable. The new phenanthridine-9-aldehydes prepared by this method are 


* Part V, L. P. Walls, J., 1950, 3511. 
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those with carbethoxyamino-groups in the 2-, 3-, 7-, and 2: 7-positions, and the 3-nitro- 
derivative (II; R= R’ =H, R’” =NO,). In the preparation of phenanthridine-9- 
aldehyde and its monosubstituted derivatives, high-melting by-products were isolated 
from the oxidations. These have been identified as 1 : 2-di-9’-phenanthridinylethylene 
derivatives [e.g., (III) from the 3-carbethoxyamino-compound] by comparison with 
specimens synthesised by condensation of the aldehydes with their parent 9-methylphen- 
anthridines in boiling acetic anhydride. Similar di-4’-quinolylethylenes have been 
reported as by-products in selenium dioxide oxidations of lepidine (Kaplan, J. Amer. Chem. 
Soc., 1941, 63, 2654) and 6-methoxylepidine (Walker, J., 1947, 1684), but the by-product 
from quinaldine does not appear to be of this type (Kaplan, loc. cit. ; Linsker and Evans, 
J. Amer. Chem. Soc., 1946, 68, 947; Buehler and Harris, ibid., 1950, 72, 5015; Brown and 
Hammick, J., 1950, 628). Kaplan found that the use of old and unsublimed selenium 
dioxide in the oxidation of lepidine gave yields of up to 90% of by-product. In the oxidation 
of 9-methylphenanthridine, however, the use of freshly prepared, sublimed selenium dioxide 
gave a 7-5% yield of by-product, and three years old, unsublimed selenium dioxide gave 
15°% of by-product, with no great diminution in the yield of aldehyde. 

When a slightly aqueous dioxan solution of 9-methylphenanthridine and phenanthrid- 
ine-9-aldehyde was refluxed for some hours, three products were formed: 1 : 2-di-9’- 
phenanthridinylethanol (IV) in highest yield, 1 : 2-di-9’-phenanthridinylethylene, and a 
small amount of 1 : 2: 3-tri-9’-phenanthridinylpropane (V). The alcohol (IV) was the 
only product of the reaction of 9-methylphenanthridine and phenanthridine-9-aldehyde 
in aqueous alcohol. It was slowly dehydrated in boiling dioxan, and rapidly by acetic 
anhydride, to diphenanthridinylethylene, and with excess of 9-methylphenanthridine in 
dioxan solution gave a small yield of the triphenanthridinylpropane (V). This compound 
was obtained in poor yield by the reaction of phenanthridine-9-aldehyde with excess of 
9-methylphenanthridine in boiling dioxan, and in good yield from equivalent amounts of 
these reactants in the presence of sulphuric acid (cf. Tipson and Walton, J. Amer. Chem. 
Soc., 1948, 70, 892). 

These experiments suggested that if the diphenanthridinylethylene were formed in the 
preparation of phenanthridine-9-aldehyde by a secondary reaction between the aldehyde 
and unoxidised 9-methylphenanthridine, the product should also contain some of the 
diphenanthridinylethanol (IV) or substances formed by its reaction with selenium dioxide. 
The formation of the triphenanthridinylpropane (V) by similar secondary reactions is much 
slower and its production in significant amount would not be expected. It was found that 
treatment of the diphenanthridinylethanol (IV) with selenium dioxide in boiling aqueous 
dioxan solution gave a high yield of 1 : 2-di-9’-phenanthridinylethylene, with the pro- 
duction of very little selenium. It seems probable that in the preparation of phenanthrid- 
ine-9-aldehydes the main source of the ethylenic by-product is this ready dehydration 
by selenious acid of 1 : 2-di-9’-phenanthridinylethanols which are first formed by reaction 
of the phenanthridine-9-aldehyde with unchanged 9-methylphenanthridine. 

Ju 
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The diquaternary salt of 1 : 2-di-9’-phenanthridinylethylene was obtained in poor 
yield by using methyl sulphate in nitrobenzene, but no definite product was obtained on 
similar treatment of (III). 

Phenanthridine-9-aldehyde and its 7-carbethoxyamino-derivative (II; R = NH-CO,Et, 
R’ = R” = H) condensed readily with Girard reagents P and T, to give the quaternary 
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salts (VI; R=H or NH-CO,Et, R’ = R” =H) and (VII; R=H or NH-CO,Et). 
The similar 2 : 7-dicarbethoxyamino- (VI; R = R’ = NH-CO,Et, R” = H) and 3-nitro- 
(VI; R= R’ = H, R” = NO,) derivatives were also prepared. The use of acetic acid 
to catalyse these condensations (Girard and Sandulesco, Helv. Chim. Acta, 1936, 19, 1095) 
was unnecessary, and in our experience aldehydes in general react rapidly and com- 
pletely with the Girard reagents in hot alcohol (cf. Lederer and Nachmias, Bull. Soc. chim., 
1949, 400; Schindler and Reichstein, Helv. Chim. Acta, 1951, 34, 521). An attempt to 
reduce (VI; R = R’ = H, R” = NO,) with ferrous hydroxide to the amino-compound 
(VI; R= R’ = H, R” = NH,) gave only a black tar and was not further investigated. 
Phenanthridine-9-aldehyde reacted with «-picoline methiodide in presence of piperidine 
to yield the pyridinium salt (VIII; R= R’=H). Use of 3- and 7-carbethoxyamino- 
phenanthridine-9-aldehydes similarly gave (VIII; R= H, R’ = NH-CO,Et, and vice 
versa, respectively), which were hydrolysed to the amino-salts (VIII; R = H, R’ = NH, 
and vice versa). Reaction of these three aldehydes with y-picoline methiodide and 
hydrolysis of the products provided a similar series of compounds represented by (IX). 
Attempts to use 3-nitrophenanthridine-9-aldehyde (II; R= R’ = H, R” = NO,) in 
such reactions gave only intractable gums, and 2 : 7-dicarbethoxyaminophenanthridine-9- 
aldehyde (II; R = R’ = NH-CO,Et, R” = H), which is very sparingly soluble in alcohol, 
gave an ill-defined product with y-picoline methiodide. In order to introduce the 6- 
Kk 7NR 
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aminoquinaldinium structure, which features in many of the trypanocidal styryl compounds 
(Browning, Cohen, Ellingworth, and Gulbransen, Proc. Roy. Soc., 1929, B, 105, 99), 3- 
carbethoxyaminophenanthridine-9-aldehyde (II; R= R’ =H, R” = NH-°CO,Et) was 
condensed with 6-acetamidoquinaldine methochloride to yield (X; R = NH-CO,Et, 
R’ = NHAc; A = Cl) which was hydrolysed to the diamino-salt (X; R= R’ = NH,, 
A = Br). 

Most of the compounds described above were examined by Dr. G. Brownlee and Dr. 
L. G. Goodwin and their colleagues for antibacterial and trypanocidal properties (7rypano- 
soma congolense, T. rhodesiense, and T. cruzt) respectively. 

The Girard derivatives (VI; R = R’ = R” = H) and (VII; R = H) had high anti- 
streptococcal activity in vitro (active at a dilution of 1 : 1,000,000 in a nutrient broth), and 
the former was chemotherapeutic in experimental streptococcal infections in mice. The 
carbethoxyamino-compounds (VI; R = NH-CO,Et, R’ = R” =H) and (VII; R 
NH-CO,Et) were much less active. The phenanthridinylvinylpyridinium salts (VIII and 
IX) all possessed high antistreptococcal activity im vitro (inhibitory at 1 : 1,000,000 in 
broth), and were effective against streptococcal infections in mice, the amino- and carb- 
ethoxyamino-compounds being most active. 1: 2-Di-9’-phenanthridinylethylene di- 
methochloride had high antistreptococcal activity im vitro and slight activity in vivo. 

The only compound to exhibit trypanocidal activity was the quinolinium salt (X; 
R = R’ = NH,, A = Br), which had slight activity against T. rhodesiense. It seems 
probable that the major factor in the production of this activity is the presence of the 
6-aminoquinaldinium structure, which has also been found to product trypanocidal activity 
in certain 2-(2’-5’’-acridinylvinyl)-l-methylquinolinium salts (Glen, Sutherland, and 
Wilson, J., 1936, 1484; 1938, 654). 
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EXPERIMENTAL 


Unless otherwise stated, the selenium dioxide used was commercial sublimed material. 
Compounds were dried at 100°/1 mm. before analysis. 

Phenanthridine-9-aldehyde.—(a) A solution of 9-methylphenanthridine (Morgan and Walls, 
J., 1931, 2450) (2 g.) and selenium dioxide (freshly prepared and sublimed) (1-2 g.) in dioxan 
(20 ml.) and water (0-5 ml.) was refluxed for 6} hours. After filtration hot, the filtrate was 
diluted with an equal volume of alcohol and left overnight, whereupon reddish crystals (A) 
(150 mg.) separated. No more of this material was obtained by extracting the selenium with 
boiling nitrobenzene. The dioxan-alcohol filtrate was evaporated to dryness, the residue 
extracted with boiling N-hydrochloric acid (100 ml.), and the extract treated with charcoal and 
made alkaline with 5N-sodium hydroxide, to give a pale yellow solid (1-5 g.), m. p. 128—131°. 
The pure aldehyde (1-2 g.) crystallised from acetone-light petroleum (b. p. 60—80°) in pale yellow 
needles, m. p. 141—141-5° (Ritchie, loc. cit., gives m. p. 139°). 

The by-product A crystallised from much xylene and then nitrobenzene, giving deep yellow 
needles (contaminated with selenium) of 1 : 2-di-9’-phenanthridinylethylene, m. p. 304—305°, 
undepressed in admixture with an authentic specimen (see below). 

(b) Repetition of the above experiment with 3-years old, unsublimed selenium dioxide 
yielded 1-1 g. of the aldehyde, m. p. 1389—141°. The yield of crude by-product (obtained 
partly from the dioxan solution and partly by extraction of the selenium with boiling nitro- 
benzene) was 300 mg., crystallising from nitrobenzene in yellow needles, m. p. 300—303°. 

The semicarbazone of the aldehyde had m. p. 240° (decomp.) [Ritchie, Joc. cit., gives m. p. 
238° (decomp.)]. The hydrochloride of the semicarbazone crystallised from methanol in small 
yellow prismatic needles, m. p. ca. 215° (decomp.) (Found: N, 18-3; Cl, 11-8. C,,;H,,ON,Cl 
requires N, 18-65; Cl, 11-8%). It was readily soluble in cold water, the solution depositing 
the semicarbazone when warmed. 

Prepared from the aldehyde and Girard reagent P in refluxing alcoholic solution, 1-[2-oxo0- 
2-N’-(9-phenanthridinylmethylene)hydrazinoethyl pyridinium chloride (VI; R = R’ = R” = H) 
crystallised from methanol in fine pale yellow needles, m. p. 245° (decomp.) (Found: N, 15-05; 
Cl, 9-5. C,,H,,ON,Cl requires N, 14-85; Cl, 9-45%). Similarly, Girard reagent T gave 
NNN-trimethyl-N-[2-0x0-2-N’’-(9-phenanthridinylmethylene)hydrazinoethyljammonium chloride 
(VII; R = H) as pale yellow needles (from ethanol), m. p. ca. 240° (decomp.) (Found : N, 15-8; 
Cl, 10-25. C,,H,,ON,Cl requires N, 15-7; Cl, 9-95%). 

7-Carbethoxyaminophenanthridine-9-aldehyde.—7-Carbethoxyamino-9-methylphenanthridine 
(Walls, J., 1947, 67) (5 g.) in dioxan (125 ml.) and water (5 ml.) was heated under reflux with 
selenium dioxide (2 g.) for 6 hours. The aldehyde (3-8 g.) crystallised from the hot solution after 
filtration of the selenium (2 g.), the last traces of which were removed by recrystallisation from 
a large volume of acetone to give bright yellow needles, m. p. 240° (decomp.) (Found: C, 69-65; 
H, 4:55; N, 9-4. C,,H,,0O,N, requires C, 69-35; H, 4:8; N, 95%). The selenium residues 
(2 g.) were extracted with boiling nitrobenzene, from which brown solid crystallised. Recrystal- 
lisation twice from pyridine gave deep yellow needles (350 mg.) (contaminated with selenium) 
of 1: 2-di-(7-carbethoxyamino-9-phenanthridinyl)ethylene, m. p. 278° (decomp.), undepressed 
by an authentic specimen (see below). 

The semicarbazone of the aldehyde, prepared with semicarbazide hydrochloride in pyridine 
solution, crystallised from aqueous dimethylformamide in fine pale yellow needes, m. p. 275— 
280° (decomp.) (Found: N, 20-05. C,,H,,O,;N,; requires N, 19-95%). Its hydrochloride 
formed a gel, which dried to a red solid, m. p. ca. 215° (decomp.) (Found: N, 17-8; Cl, 8-65. 
C,sH,,0;N,Cl requires N, 18-05; Cl, 9-15%). The salt was somewhat soluble in cold water, 
but the semicarbazone was immediately precipitated on warming of the solution. 

The crude aldehyde (5 g.) and Girard reagent Pp (3-5 g.) were heated under reflux in methanol 

250 ml.) for 30 minutes. The solution (treated with charcoal) deposited yellow needles (4-5 g.) 
of the chloride (VI; R = NH°CO,Et, R’ = R” =H), m. p. ca. 260° (decomp.) (Found: N, 
14-65; Cl, 7:55. C,.gH,.O,N,Cl requires N, 15-1; Cl, 7-65%). 

Prepared similarly with the Girard reagent T, the trimethylammonium derivative (VII; R = 
NH:CO,Et) crystallised from methanol in yellow needles, m. p. 230° (effervescence) (Found : 
N, 15-7; Cl, 7-95. Cy.H,,0,N,Cl requires N, 15-8; Cl, 8-0%). 

2-Carbethoxyaminophenanthridine-9-aldehyde.—Prepared by selenium dioxide oxidation of 
2-carbethoxyamino-9-methylphenanthridine (Caldwell and Walls, J., 1948, 188) (3-5 g.) as 
described for the 7-carbethoxyamino-compound, the pure aldehyde (2-25 g.) formed yellow 
needles, m. p. 198—199°, from alcohol or plates from dioxan (Found: C, 69-4; H, 4-65; N, 9-7. 
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C,,H,,0O,;N, requires C, 69-35; H, 4:8; N, 95%). 1: 2-Di-(2-carbethoxyamino-9-phenan- 
thridinyl)ethylene (120 mg.) was obtained by extraction of the selenium residues with boiling 
nitrobenzene, from which it crystallised in orange needles (contaminated with selenium), m. p. 
310° (put in bath at 295°), undepressed by an authentic specimen (see below). 

3-Carbethoxyaminophenanthridine-9-aldehyde, obtained similarly [27-8 g. of pure aldehyde 
from 40 g. of the 9-methyl compound (Walls, /., 1946, 1031)], crystallised from benzene in 
yellow needles, m. p. 188—189° (Found: C, 69-4; H, 4-9; N, 9-7%). The corresponding di- 
phenanthridinylethylene (3-5 g.) formed yellow needles (contaminated with selenium), m. p. 
above 340°, from nitrobenzene. 

Similarly, 3-nitrophenanthridine-9-aldehyde (3-3 g.)}, deep yellow needles, m. p. 241—242°, 
from benzene, was prepared from the 9-methyl compound (Morgan and Walls, /j., 1932, 2228) 
(5 g.) (Found: C, 66-55; H, 3-05; N, 11-3. C,,H,O,N, requires C, 66-65; H, 3-2; N, 11-1%). 
The by-product | : 2-di-(3-nitro-9-phenanthridinyl)ethylene crystallised from nitrobenzene or 
pyridine in deep yellow fibrous needles, unmolten at 360°. 

The pyridinium chloride (VI; R = R’ = H, R” = NO,) formed yellow matted needles, 
m. p. 260° (decomp.), from aqueous acetone (Found: Cl, 8-1. C,,H,,0,;N,Cl requires Cl, 
8-4%). 

2 : 7- Dicarbethoxyaminophenanthridine -9-aldehyde. — 2 : 7-Dicarbethoxyamino-9-methyl- 
phenanthridine (Walls, J., 1947, 71) (2 g.) and selenium dioxide (610 mg.) in dioxan (80 ml.) 
and water (2 ml.) were heated under reflux for 7hours. The filtered solution deposited greenish 
solid (1-6 g.) on cooling. The substance could not be freed from selenium by crystallisation, and 
accordingly it (1 g.) was boiled with 2Nn-hydrochloric acid (1 1.) and treated with charcoal. 
The cooled filtrate deposited fluffy orange needles, which when boiled with sodium hydrogen 
carbonate solution became bright yellow. Recrystallisation from dioxan gave bright yellow 
plates or needles (450 mg.) of the pure aldehyde, m. p. 270—275° (decomp.) (Found: C, 62-95; 
H, 5-15; N, 11-45. Cy9H,,0,N, requires C, 63-0; H, 5-0; N, 11-05%). 

The crude aldehyde (1 g.) and Girard reagent P (500 mg.) in alcohol (100 ml.) were heated 
under reflux for 4 hours. The suspended solid (1-25 g.) was extracted with boiling water (ca. 
50 ml.), and the extract treated with charcoal and diluted to ca. 400 ml. with dioxan. On 
scratching and cooling of the solution deep yellow crystals (800 mg.) were obtained. Recrystal- 
lised from methanol, 1-[2-N’-(2 : 7-dicarbethoxyaminophenanthridinylmethylene)hydrazino-2- 
oxoethyl pyridinium chloride (VI; R = R’ = NH°CO,Et, R” = H) formed bright yellow flat 
needles, shrinking and darkening from ca. 220°, but unmolten at 350° (Found: N, 15-6; 
Cl, 6-5. C,,H,,O0,;N,Cl requires N, 15-25; Cl, 6-45%). 

1 : 2-Di-9’-phenanthridinylethylene.—9-Methylphenanthridine (500 mg.) and phenanthridine- 
9-aldehyde (500 mg.) were heated under reflux in acetic anhydride (4 ml.) for 10 minutes, during 
which time 1 : 2-di-9’-phenanthridinylethylene (800 mg.) separated rapidly from the solution. 
It crystallised from nitrobenzene in deep yellow needles, m. p. 305—306° (Found: C, 87-9; 
H, 4:6; N, 7-4. CygH,,N, requires C, 87-9; H, 4-75; N, 7:35%). 

The following were prepared similarly in high yields, and crystallised from nitrobenzene : 

1 : 2-Di-(7-carbethoxyamino-9-phenanthridinyl)ethylene, deep yellow needles, m. p. 280° 
(decomp.) (Found: C, 73-4; H, 4:95; N, 10-05. C,,H,gO,N, requires C, 73-35; H, 5-05; N, 
10-05%). 

1 : 2-Di-(2-carbethoxyamino-9-phenanthridinyl)ethylene, orange needles, m. p. 310° (decomp.) 
(in bath at 295°) or above 360° (slow heating) (Found: C, 73-15; H, 5-05; N, 10-0%). 

1 : 2-Di-(3-carbethoxyamino-9-phenanthridinyl)ethylene, yellow needes, unmolten at 340° 
(Found: C, 73-45; H, 4:8; N, 10-0%). 

1 : 2-Di-(3-nitro-9-phenanthridinyl)ethylene, deep orange needles, unmolten at 360° (Found : 
C, 70-5; H, 3-4; N, 11-35. C,,H,,0,N, requires C, 71-15; H, 3-4; N, 11-85%). 

Reaction of 9-Methylphenanthridine with Phenanthridine-9-aldehyde in Dioxan.—A solution of 
9-methylphenanthridine (1 g.) and phenanthridine-9-aldehyde (1 g.) in dioxan (20 ml.) and water 
(0-5 ml.) was refluxed for 7 hours, during which yellow solid separated. After cooling, the deep 
yellow solid (A) was collected (400 mg.), m. p. ca. 270° (decomp.). The dioxan mother-liquor 
was diluted with alcohol and set aside overnight, giving a yellow solid (B) (450 mg.), m. p. ca. 
200°. The filtrate was evaporated to dryness and the residue boiled with alcohol to give an 
insoluble yellow solid (C) (450 mg.), m. p. ca. 180—185°. 

Solid A was recrystallised twice from nitrobenzene and once from pyridine, to give yellow 
needles (300 mg.) of 1 : 2-di-9’-phenanthridinylethylene, m. p. and mixed m. p. 302—304.° 

Solid B was extracted with boiling benzene, leaving an insoluble residue (50 mg.), m. p. 
262—266°, undepressed by 1 : 2 : 3-tri-9’-phenanthridinylpropane (V) (see below). The filtrate 
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on evaporation and cooling deposited 1 : 2-di-9’-phenanthridinylethanol (IV) (200 mg.), m. p. 
190—192°, undepressed by an authentic specimen (see below). 

Solid C, recrystallised from benzene and then chloroform-light petroleum (b. p. 60—80°), 
gave more | : 2-di-9’-phenanthridinylethanol (250 mg.), m. p. 191—192°. 

1 : 2-Di-9’-phenanthridinylethanol (IV).—A solution of 9-methylphenanthridine (1-5 g.) and 
phenanthridine-9-aldehyde (1-5 g.) in 80% alcohol (30 ml.) was boiled for 3} hours. The pale 
yellow solid which had separated (1-95 g.) had m. p. 191—192°, unchanged by recrystallisation, 
but two crystallisations from benzene and one from chloroform-—light petroleum (b. p. 60—80°) 
were necessary to remove the yellow colour and give fine colourless needles of 1 : 2-di-9’-phen- 
anthridinylethanol (Found: C, 83-85; H, 4:85; N, 7-15. C,gH ON, requires C, 83-95; H, 
5-05; N, 7-0%). 

When this substance (200 mg.) in dioxan (10 ml.) was boiled for 6 hours, 1 : 2-di-9’-phenanthri- 
dinylethylene (30 mg.) was obtained. 

A little of the substance was treated with boiling acetic anhydride. The clear solution 
rapidly deposited 1 : 2-di-9’-phenanthridinylethylene. 

Dehydration of 1 : 2-Di-9’-phenanthridinylethanol with Selenious Acid.—A solution of 1 : 2- 
di-9’-phenanthridinylethanol (900 mg.) in dioxan (27 ml.) and water (1 ml.) was refluxed with 
selenium dioxide (freshly prepared and sublimed) (250 mg.) for 4 hours. The solution was 
originally green and contained suspended solid, which gradually dissolved to a red solution and 
more dark solid was precipitated. The mixture was filtered hot. The residue was recrystallised 
from dioxan (charcoal), to give deep yellow needles (600 mg.), m. p. 302—304°, undepressed by 
authentic 1 : 2-di-9’-phenanthridinylethylene. The original dioxan filtrate, on cooling, deposited 
more (100 mg.) of the same compound. 

1: 2: 3-Tri-9’-phenanthridinylpropane (V).—9-Methylphenanthridine (2 g.), phenanthridine- 
9-aldehyde (1 g.), and concentrated sulphuric acid (0-15 ml.) were heated at 145° (bath-temp.) 
for 1} hours. The cooled mixture was crushed and warmed on the steam-bath with 2n-sodium 
hydroxide. The yellow solid was collected and boiled with alcohol, and the mixture filtered 
whilst hot. Recrystallisation of the residue from pyridine (charcoal) gave a pale yellow solid 
(2-1 g.), m. p. 260—263°. Further crystallisation from pyridine gave small colourless plates, 
m. p. 264—266° of the product with one molecule of pyridine of crystallisation [Found: C, 
86-2; H, 5-1; N, 86; loss at 150°/1 mm., 12-05 (none at 100°). C,y,H.N;,C;H,;N requires 
C, 86-2; H, 5-25; N, 8-55; C,H,N, 12-1%]. ' The pyridine was removed by solution in a mixture 
of alcohol and 2N-hydrochloric acid, reprecipitation with alkali, and crystallisation twice from 
dioxan, to give the solvent-free triamine as small plates, m. p. 264—266° (Found: C, 87-55; 
H, 5-05; N, 7:5. C,y,.Hg gN, requires C, 87-6; H, 5-1; N, 7-3%). 

The same compound (80 mg.) was obtained by 6 hours’ refluxing of 1 : 2-di-9’-phenan- 
thridinylethanol (200 mg.) and 9-methylphenanthridine (500 mg.) in dioxan (10 ml.). It was 
also produced (400 mg.) when a dioxan (20 ml.) solution of phenanthridine-9-aldehyde (500 
mg.) and 9-methylphenanthridine (2-5 g.) was boiled for 6 hours. 

1 : 2-Di-9’-phenanthridinylethylene Dimethochloride.—1 : 2-Di-9’-phenanthridinylethylene 
(8-0 g.) in nitrobenzene (80 ml.) was treated with methyl sulphate (12 ml.) at 180° for 5 
minutes. The solid which crystallised on cooling was dissolved in water, and hydrochloric acid 
was added to precipitate yellow solid (5-6 g.), m. p. ca. 220° (decomp.). Recrystallisation from 
ethanol gave the qo salt (3-0 g.) as small yellow notes, m. p. 255° (decomp.) (Found : 
N, 5:7; Cl, 14°85. C3 ,H.,N,Cl, requires N, 5-8; Cl, 14-7%). 

1-Methyl-2-[2’-(9"’- phenanthridinyl\vinyl] pyridinium Iodide (VIII; R = R’ = H).—A solu- 
tion of «-picoline methiodide (2-4 g.) and phenanthridine-9-aldehyde (3-0 g.) in methanol (40 ml.) 
with piperidine (0-5 ml.) was refluxed for 24 hours. The almost pure product (2-25 g.), which 
had separated, crystallised from water or alcohol as fine yellow needles, m. p. 224—226° 
(effervescence) (Found: N, 6-4; I, 30-0. C,,H,,N,I requires N, 6-6; I, 29-95%). 

From y-picoline methiodide (5 g.), phenanthridine-9-aldehyde (4-6 g.), and piperidine 
(0-8 ml.) in methanol (50 ml.), heated under reflux for 4 hours, was obtained 1-methyl-4- 
(9’’-phenanthridinyl)vinyl| pyridinium iodide (IX; R = R’ = H) (6-75 g.), forming deep yellow 
ere m. p. 295° (decomp.), from methanol (Found: N, 6-35; I, 29-95%). 

2-[2’-(7’’-Carbethoxyamino-9"’-phenanthridinyl)vinyl}-1- -methylpyridinium Iodide (VIII; R = 
NH-CO,Et, R’ = H).—A mixture of «-picoline methiodide (600 mg.), 7-carbethoxyamino- 
phenanthridine-9-aldehyde (750 mg.), piperidine (0-1 ml.), and alcohol (10 ml.) was refluxed for 
3 hours, during which time the aldehyde dissolved and was replaced by the product (1-05 g.) 
which crystallised from methanol in orange needles, m. p. 248° (decomp.) (Found: N, 8-3; 
I, 24:9. C,,H,,O,N,I requires N, 8-2; I, 24-85%). 
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Hydrolysis of this salt with concentrated sulphuric acid (2-8 ml.) and water (2-5 ml.) at 150° 


for 30 minutes, and treatment of the diluted and neutralised (aqueous ammonia) solution with 
potassium iodide, gave 2-[2’-(7’’-amino-9’’-phenanthridinyl)vinyl)-1-methylpyridinium iodide 
(VIII; R = NHg, R’ = H), forming deep red needles, m. p. 234—235°, from methanol (Found : 
N, 9-7. C,,H,,N,I requires N, 9-55%). 

In the same fashion was prepared 4-[2’-(7’-carbethoxyamino-9”-phenanthridinyl)vinyl]- 
l-methylpyridinium iodide (IX; R = NH°CO,Et, R’ = H) (900 mg.), orange needles, m. p. 
265° (decomp.), from water (Found: N, 8-15; I, 24-85. C,,H,,O,N,I requires N, 8-2; I, 
24-85%), hydrolysed to 4-[2’-(7”-amino-9”-phenanthridinyl)vinyl}-1-methylpyridinium iodide 
(IX; R = NH,, R’ = H), small red needles, m. p. 257—258°, from water (Found: N, 9-6; 
I, 29-2. C,,H,,N;I requires N, 9-55; I, 28-9%). 

2-[2’-(3’’-Carbethoxyamino-9”-phenanthridinyl)vinyl)-1-methylpyridinium Iodide (VIIT; 
R = H, R’ = NH°CO,Et).—Obtained in 1-7 g. yield by 4 hours’ refluxing of «-picoline meth- 
iodide (1-2 g.) and 3-carbethoxyaminophenanthridine-9-aldehyde (1-5 g.) with piperidine (0-1 ml.) 
in alcohol (20 ml.), the iodide crystallised from methanol in orange needles, m. p. 242° (decomp.) 
(Found: N, 8-15; I, 25-2. C,,H,,O,N,I requires N, 8-2; I, 24-85%). When this carbethoxy- 
amino-compound was hydrolysed with sulphuric acid, 2-[2’-(3’’-amino-9”-phenanthridinyl)vinyl}- 
l-methylpyvidinium iodide (VIII; R = H, R’ = NH,) was obtained as dark red needles, m. p. 
215° (decomp.), from methanol (Found: N, 9-2. C,,H,,N,I requires N, 9-55%). 

4-[2’-(3’’-Carbethoxyamino-9”-phenanthridinyl)vinyl|-1-methylpyridinium iodide (IX; R H, 
R’ = NH-CO,Et) (7-7 g.) was prepared from y-picoline methiodide (4 g.), 3-carbethoxyamino 
phenanthridine-9-aldehyde (5 g.), and piperidine (0-3 ml.) in alcohol (50 ml.) under reflux for 
3hours. It crystallised from methanol in orange needes, m. p. 255° (decomp.) (Found : N, 7-9; 
I, 25-15. C,.gH,.O,N,I requires N, 8-2; I, 24-85%). Hydrolysis with sulphuric acid, etc., 
gave 4-[2’-(3’-amino-9’’-phenanthridinyl)vinyl\-1-methylpyridinium bromide (IX; R H, R’ 
NH,; bromide), forming deep red needles, m. p. 270—271°, from methanol (Found: Br, 20-15. 
C,,H,,N,Br requires Br, 20-4%). 

6-A cetamido-2-[2’-(3’’-carbethoxyamino-9"’-phenanthridinyl)vinyl}-1-methylquinolinium Chloride 
(X; R= NH°CO,Et, R’ = NHAc, A Cl).—A solution of 6-acetamidoquinaldine metho- 
chloride (Browning, Cohen, Ellingworth, and Gulbransen, Proc. Roy. Soc., 1926, B, 100, 302) 
(4:5 g.), 3-carbethoxyaminophenanthridine-9-aldehyde (5 g.), and piperidine (0-1 ml.) in alcohol 
(50 ml.) was refluxed for 3 hours. The product (7-5 g.) which had separated was washed with 
acetone and recrystallised from methanol, forming bright red needles, m. p. 260 
(Found: N, 10-95; Cl, 6-75. Cy 9H,,O,N,Cl requires N, 10-65; Cl, 6-75%). 

6-A mino-2-[2’-(3’’-amino-9"’-phenanthridinyl)vinyl)-1-methylquinolinium bromide (X; R = 
R’ = NH,, A = Br) was obtained by hydrolysis of the carbethoxyamino-salt with sulphuric 
acid, etc. It crystallised from a large volume of methanol as small deep red plates with a green 
reflex, decomposing gradually above 280° without melting (Found: N, 12-1; Br, 17-6. 
C,,;H,,N,Br requires N, 12-25; Br, 17-5%). 


(decomp.) 


Thanks are due to Dr. L. P. Walls for his interest in this work, to Mr. A. Bennett for the 
microanalyses, and to Mr. W. E. King for valuable technical assistance. 
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379. Some Reactions of Substituted 2-Bromopyridines. 
By A. H. Berriz, G. T. NEWBOLD, and F. S. Sprinc. 


A synthesis of 3-amino-5-bromopicolinamide is described, during which 
the reactions of 3-nitro- and 3-amino-2-bromopyridines and the corresponding 
5-chloro- and 5-bromo-derivatives with cuprous cyanide and with hydro- 
chloric acid have been studied. Such substitution at the 3- or the 3- and 5- 
positions in 2-bromopyridine does not influence the reaction with cuprous 
cyanide (replacement of ~—Br by -CN). The reaction with hydrochloric 
acid, however, is controlled by the nature of the 3-substituent, a 2-bromo-3- 
nitropyridine being converted into the corresponding pyridone whilst a 
3-amino-2-bromopyridine gives the corresponding 3-amino-2-chloropyridine 
irrespective of the nature of the 5-substituent. 


THE experiments described in this paper have as their ultimate objective the preparation 
of 3-hydroxyisocinchomeronic acid (I) which is required for synthesis of 
lysergic acid; a synthesis of 3-amino-5-bromopicolinamide (IX; R = Br) 
is now described. 

2-Amino-3-nitropyridine (II; R =H) (Tschitschibabin and Kirssanow, Ber., 1927, 

60, 766) is converted into 2-hydroxy-3-nitropyridine (III; R =H) by treatment with 

nitrous acid (Tschitschibabin and Bylinkin, J. Russ. Phys. Chem. Soc., 1920, 50, 471), 

and reaction of this compound with phosphorus tribromide—phosphorus pentabromide 

gives 2-bromo-3-nitropyridine (IV; R = H) which can be reduced to 3-amino-2-bromo- 
pyridine (V; R=H). The reactions of (IV; R =H) and (V ; R = H) with cuprous 
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cyanide give, adhd: 3-nitro- (V1; R= 4H) and 3-amino-picolinonitrile (VII; 
R = H) which have been characterised by hydrolysis to 3-nitro- (VIII; R =H) and 3- 
amino-picolinamide (IX; R =H), respectively. The relation between the last two 
compounds is confirmed by reduction of the former to the latter. 

When 2-bromo-3-nitropyridine (IV; R =H) is treated with concentrated hydro- 
chloric acid it is converted into the 2-hydroxy-compound (III; R = H), whereas similar 
treatment of 3-amino-2-bromopyridine (V; R =H) with hydrochloric acid gives 3- 
amino-2-chloropyridine (X; R =H), which has been obtained by Schickh, Binz, and 
Schulz (Ber., 1935, 68, 2593) from both 3-aminopyridine and 2-chloro-3-nitropyridine 
(XI; R=H). The last compound was obtained by Tschitschibabin and Bylinkin 
(loc. cit.) by treatment of (I1; R = H) with nitrous and hydrochloric acid, and we find that 
it is also obtained in good yield by treatment of (III; R = H) with phosphoryl chloride- 
phosphorus pentachloride. 

Similar transformations have been effected in the series of 5-chloro-compounds (R = Cl), 
starting from 2-amino-5-chloro-3-nitropyridine (II; R = Cl) (Tschitschibabin and Jegorow, 
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J. Russ. Phys. Chem. Soc., 1928, 60, 683; Tschitschibabin and Kirssanow, Joc. cit.), and in 
the 5-bromo-series (R = Br), starting from 2-amino-5-bromo-3-nitropyridine (II; R = Br) 
(Caldwell, Tyson, and Lauer, J. Amer. Chem. Soc., 1944, 66, 1479; Petrow and Saper, /., 
1948, 1389). Additional proof of the structure of (Il; R = Br) was obtained by its 
reduction to 2 : 3-diamino-5-bromo-4(6)-chloropyridine (XII), which forms a quinoxaline 
derivative with phenanthraquinone. 

In addition to the method used in the series R = H and R = Cl, 3-amino-5-bromo-2- 
chloropyridine (X; R = Br) has been obtained by treatment of 2 : 5-dibromo-3-nitro- 
pyridine (IV; R= Br) with tin and hydrochloric acid. The position of the entering 
nitrile group in the picolinonitriles (VI and VII; R = Br) is confirmed by the conversion 
by hypohalite of 5-bromo-3-nitropicolinamide (VIII; R = Br) into 2-amino-5-bromo-3- 
nitropyridine. 3-Amino-2 : 5-dibromopyridine (_V; R = Br) has been characterised by 
conversion into 2 : 5-dibromo-3-hydroxypyridine (XIV), and 3-amino-5-bromo-2-chloro- 
pyridine (X; R = Br) by diazotisation in hydrochloric acid followed by treatment with 
copper powder to give 5-bromo-2 : 3-dichloropyridine (XIII). 


EXPERIMENTAL 

2-Bromo-3-nitropyridine.—2-Hydroxy-3-nitropyridine (14 g.) was added to a mixture of 
phosphorus tribromide (50 g.) and bromine (16 g.) and heated at 100° for 5 hours. The cooled 
mixture was treated dropwise with methanol (100 c.c.) and then with water (300 c.c.), and the 
precipitated solid was collected, dried, and extracted with boiling benzene (2 x 200 c.c.). 
The solid obtained on evaporation of the solvent was extracted with light petroleum (b. p. 
60—80°; 2 x 150 c.c.) and crystallised from aqueous ethanol (charcoal), giving 2-bromo-3- 
nitropyridine (10 g.) as prisms, m. p. 125° (Found: C, 30-0; H, 1:7. Cs;H,O,N,Br requires 
C, 29-6; H, 1-5%). 

2-Bromo-5-chloro-3-nitropyridine was obtained in 59% yield from 5-chloro-2-hydroxy-3- 
nitropyridine by the method described above; it separated from aqueous ethanol (charcoal) as 
prisms, m. p. 75° (Found: C, 25-8; H, 0-8; N, 11-4. C,H,O,N,CIBr requires C, 25-3; H, 0-8; 
N, 118%). 2: 5-Dibromo-3-nitropyridine, obtained in 80% yield by similar treatment of 
5-bromo-2-hydroxy-3-nitropyridine, separated from light petroleum (b. p. 60—80°) as stout 
needles, m. p. 93° (Found: C, 21-4; H, 1-0. C,;H,O,N,Br, requires C, 21-3; H, 0-7%). 

2-Hydroxy-3-nitropyridine.—A solution of 2-bromo-3-nitropyridine (1-0 g.) and concentrated 
hydrochloric acid (10 c.c.) in glacial acetic acid (10 c.c.) was refluxed for 3 hours and evaporated. 
Crystallisation of the residue from methanol gave 2-hydroxy-3-nitropyridine (0-5 g.) as pale 
yellow needles, m. p. 224° undepressed by a specimen, m. p. 224°, prepared by Tschitschibabin 
and Bylinkin’s method (/oc. cit.). 5-Chloro-2-hydroxy-3-nitropyridine, obtained in 54% yield 
by similar treatment of 2-bromo-5-chloro-3-nitropyridine, separated from ethanol as yellow 
prisms, m. p. 235° alone or mixed with a specimen (m. p. 235°) prepared by Berrie, Newbold, and 
Spring’s method (loc. cit.). 

5-Bromo-2-hydroxy-3-nitropyridine.—(a) Treatment of 2: 5-dibromo-3-nitropyridine with 
hydrochloric and acetic acid as described above gave 5-bromo-2-hydroxy-3-nitropyridine (yield 
64%) which separated from ethyl acetate as pale yellow needles, m. p. 242° (decomp.) (Found : 
C, 27-7; H, 1-0. C,;H,O,N,Br requires C, 27-4; H, 1-4%). 

(b) A solution of 2-amino-5-bromo-3-nitropyridine (10-0 g.) in sulphuric acid (25 c.c.; 
d 1-84) was treated at 0° with a solution of sodium nitrite (6-0 g.) in water (15 c.c.), and kept at 
this temperature for 30 minutes. Water (150 c.c.) was added and the orange precipitate 
collected, dried, and crystallised from ethanol, giving 5-bromo-2-hydroxy-3-nitropyridine 
(6-05 g.) as pale yellow needles, m. p. 240—241° (decomp.) alone or when mixed with a specimen 
prepared by method (a) (Found: C, 27-6; H, 1-2%). 

2-Chiloro-3-nitropyridine—A mixture of 2-hydroxy-3-nitropyridine (0-7 g.), phosphorus 
pentachloride (2-0 g.), and phosphoryl chloride (1-5 c.c.) was heated at 100° for 2 hours; methanol 
(10 c.c.) was added and the mixture evaporated to dryness under reduced pressure. The residue 
was shaken with water (10 c.c.), and the solid collected and crystallised from aqueous ethanol 
(charcoal), giving 2-chloro-3-nitropyridine (0-2 g.) as prisms, m. p. 101° alone or when mixed 
with a specimen, m. p. 101°, prepared by the action of nitrous and hydrochloric acids on 2- 
amino-3-nitropyridine (Tschitschibabin and Bylinkin, Joc. cit.). 

2 : 5-Dichloro-3-nitropyridine.—(a) This compound was obtained in 52% yield from 5- 
chloro-2-hydroxy-3-nitropyridine by using the method described above; it separated from 
aqueous ethanol as prisms, m. p. 43° (Found: N, 14-6. C;H,O,N,Cl, requires N, 14-5%). 
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(b) 2-Amino-5-chloro-3-nitropyridine (1-74 g.) was shaken with hydrochloric acid (20 c.c.; 
d 1-19) at — 10° and the mixture treated with a solution of sodium nitrite (1-5 g.) in water (4c.c.), 
added dropwise. After being shaken for a further hour below 0° the solution was nearly neutral- 
ised by the addition of 30% sodium hydroxide solution with cooling. The solid was collected 
and crystallised from aqueous ethanol (charcoal), giving 2 : 5-dichloro-3-nitropyridine (1-3 g.) as 
prisms, m. p. 43° alone or mixed with a specimen prepared by method (a). 

5-Bromo-2-chloro-3-nitropyridine was obtained in 45% yield by treatment of 5-bromo-2- 
hydroxy-3-nitropyridine with phosphorus pentachloride and phosphoryl] chloride by using the 
method described above; it separated from aqueous ethanol as prisms, m. p. 68° alone or when 
mixed with a specimen, m. p. 68°, prepared in 51% yield from 2-amino-5-bromo-3-nitropyridine 
by the method (b) described for 2: 5-dichloro-3-nitropyridine [Found: (a) C, 25-7; H, 0-7. 
(b) C, 25-6; H, 1-0. C,;H,O,N,CIBr requires C, 25-3; H, 0-8%]. 

3-Nitropicolinonitrile—A mixture of 2-bromo-3-nitropyridine (0-75 g.) and cuprous cyanide 
(0-7 g.), ina flask fitted with a vertical condenser loosely plugged with cotton wool, was gradually 
heated to 150°, whereupon a vigorous reaction occurred. The pressure was immediately 
reduced to 1 mm. and the heat source removed after 15 seconds. When cold, the reaction 
mass, together with the sublimed solid held. by the cotton wool, was extracted with hot acetone. 
Evaporation of the solvent and crystallisation of the residue from benzene-—light petroleum 
(b. p. 60—80°) gave 3-nitropicolinonitrile (0-3 g.) as prisms, m. p. 78° (Found: C, 47-9; H, 2-3. 
C,H,O0.N, requires C, 48-3; H, 2-0%). 

5-Chloro-3-nitropicolinonitrile was obtained from 2-bromo-5-chloro-3-nitropyridine by using 
the method described above (yield 30%); it separated from benzene-—light petroleum (b. p. 
60—80°) as needles, m. p. 98° (Found: C, 39-6; H, 0-9; N, 23-0. C.H,O,N,Cl requires C, 39-3; 
H, 1-1; N, 22-9%). 

5-Bromo-3-nitropicolinonitrile was obtained in 66% yield from 2 : 5-dibromo-3-nitropyridine ; 
it separated from benzene-light petroleum (b. p. 60—80°) as needles, m. p. 102° (Found : 
C, 31-5; H, 1-2; N, 18-3. C,H,O,N,Br requires C, 31-6; H, 0-9; N, 18-4%). 3-Amino- 
picolononitrile, obtained in 32% yield from 3-amino-2-bromopyridine, separated from benzene 
as needles, m. p. 149° (Found: C, 60-4; H, 4:5. C,H,;N, requires C, 60-5; H,4:2%). 3-Amino- 
5-chloropicolinonitrile, obtained in 20% yield from 3-amino-2-bromo-5-chloropyridine, separated 
from benzene as needles, m. p. 175° (Found: C, 47-0; H, 2-4. C,H,N,Cl requires C, 46-9; 
H, 2:6%). 3-Amino-5-bromopicolinonitrile, obtained in 25% yield from 3-amino-2 : 5-dibromo- 
pyridine, separated from benzene as needles, m. p. 175° (Found: N, 21-3. C,H,N,Br requires 
N, 21-2%). 

3-Nitropicolinamide.—A mixture of 3-nitropicolinonitrile (100 mg.) and sulphuric acid 
(0-2 c.c.; d 1-84) was kept at 100° for 2 hours. Water (2 c.c.) was added with cooling and the 
precipitate collected. Crystallisation from aqueous acetone gave 3-nitropicolinamide (50 mg.) 
as needles, m. p. 211° (Found: C, 43-5; H, 3-0. C,H;O,N, requires C, 43-1; H, 30%). The 
amide sublimes readily at 100°/10-° mm. 5-Chloro-3-nitropicolinamide was obtained in 55% 
vield from 5-chloro-3-nitropicolinonitrile by using the method described above; it separated 
from aqueous acetone as needles, m. p. 230° (Found: C, 35-5; H, 2-0; N, 20-7. C,H,O,N,Cl 
requires C, 35-7; H, 2-0; N, 20-8%). 5-Bromo-3-nitropicolinamide, obtained in 56% yield 
from 5-bromo-3-nitropicolinonitrile, separated from water as needles, m. p. 232—233° (decomp.) 
(Found: C, 29-1; H, 2-0; N, 17-1. C,H,O,N,Br requires C, 29-3; H, 1-6; N, 17-1%). 

3-Amino-2-bromopyridine,—A mixture of 2-bromo-3-nitropyridine (1-45 g.), glacial acetic 
acid (12 c.c.), and iron filings (2-0 g.) was heated at 100° for 2 hours, diluted with water (15 c.c.), 
and basified by the addition of 30% sodium hydroxide solution with cooling. The mixture was 
shaken with chloroform (50 c.c.) and filtered, and the chloroform layer separated and evaporated. 
Crystallisation of the residue from aqueous methanol (charcoal) gave 3-amino-2-bromopyridine 
(0-8 g.) as needles, m. p. 79° (Found: C, 34-9; H, 3-0. C,;H,;N,Br requires C, 34-7; H, 29%). 

3-A mino-2-chloropyridine.—(a) Reduction of 2-chloro-3-nitropyridine (1-1 g.) by the method 
described above gave 3-amino-2-chloropyridine (0-1 g.), which separated from aqueous acetone 
(charcoal) as plates, m. p. 79—80° (Schickh, Binz, and Schulz, doc. cit., give m. p. 80°). 

(6) A solution of 3-amino-2-bromopyridine (1-0 g.) in hydrochloric acid (10 c.c.; d 1-19) 
was refluxed for 3 hours, and the solution then evaporated to dryness. A solution of the residue 
in the minimum quantity of water was cooled and basified by the addition of 30% sodium 
hydroxide solution. Crystallisation of the precipitated solid from aqueous acetone (charcoal) 
gave 3-amino-2-chloropyridine (0-5 g.) as plates, m. p. 78° alone or mixed with a specimen 
prepared by method (a). 

3-A minopicolinamide.—(a) A mixture of 3-nitropicolinamide (20 mg.), glacial acetic acid 
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(0-12 c.c.), and iron filings (20 mg.) was kept at 100° for 2hours. The cooled mixture was treated 
with water (0-15 c.c.) and partially neutralised by the addition of sodium hydroxide (40 mg.) in 
water (0-1 c.c.). The solid was collected, dried, and extracted with hot acetone (20c.c.)._ Evapor- 
ation of the acetone followed by crystallisation of the residue from water gave 3-aminopico- 
linamide (10 mg.) as needles, m. p. 175—177°, which readily sublimed at 100°/10-5 mm. (Found : 
C, 52-0; H, 5-0. C,H,ON, requires C, 52-5; H, 5-1%). 

(6) A solution of 3-aminopicolinonitrile (120 mg.) in sulphuric acid (0-24 c.c.; d 1-84) was 
heated at 100° for 2 hours. Water (1 c.c.) was added and the mixture basified by the addition 
of 30% sodium hydroxide solution with cooling. The precipitate was extracted with acetone, 
the filtered extract evaporated, and the solid residue crystallised from water, giving 3-amino- 
picolinamide (10 mg.) as needles, m. p. 175° alone or mixed with the specimen described in (a). 

3-A mino-5-chloropicolinamide.—Reduction of 5-chloro-3-nitropicolinamide by using iron 
filings and glacial acetic acid as described above gave 3-amino-5-chloropicolinamide (yield 67%) 
which crystallised from aqueous acetone as needles, m. p. 168° (Found: C, 41-8; H, 3-5; N 
24-4. C,H,ON,Cl requires C, 42-0; H. 3-5; N, 245%). 

3-Amino-5-chloropicolinamide was also obtained in 11% yield from 3-amine-5-chloropico- 


/O 
linonitrile by using the method (6) described above. It separated from water as needles, m. p. 
168° undepressed by the specimen obtained by method (a). 3-Amino-5-bromopicolinamide 
was obtained in 72% yield from 5-bromo-3-nitropicolinamide and in 18% yield from 3-amino-5- 
bromopicolinonitrile by using the methods (a) and (b) described for the preparation of 3-amino- 
picolinamide. It separated from benzene-light petroleum (b. p. 40—60°) as needles, m. p. 168° 
(Found: N, 19-0. C,H,ON,Br requires N, 19-4%). 

3-A mino-2-bromo-5-chloropyridine, obtained in 81% yield from 2-bromo-5-chloro-3-nitro- 
pyridine, separated from aqueous acetone (charcoal) as needles, m, p. 142° (Found: C, 28-6; 
H, 1-8. C,H,N,ClBr requires C, 28-9; H, 1-9%). Light absorption in ethanol: Max. at 
2520 (¢ = 11,500) and 3140 A (ec = 5700). 

3-Amino-2 : 5-dibromopyridine was obtained from 2: 5-dibromo-3-nitropyridine in 84% 
yield; it separated from aqueous acetone (charcoal) as needles, m. p. 153° (Found: C, 24-2; 
H, 1-3. C,H,N,Br, requires C, 23-8; H, 1-6%). 

3-Amino-2 : 5-dichloropyridine.—(a) Reduction of 2: 5-dichloro-3-nitropyridine with iron 
filings and acetic acid gave 3-amino-2 : 5-dichloropyridine in 87% yield; it separated from 
aqueous acetone as needles, m. p. 129° (Found: N, 17-0. C;H,N,Cl, requires N, 17-2%). 

(6) A solution of 3-amino-2-bromo-5-chloropyridine (0-5 g.) in hydrochloric acid (10 c.c.; 
d 1-19) was refluxed for 2 hours. The residue obtained on evaporation was crystallised from 
aqueous acetone, giving 3-amino-2: 5-dichloropyridine (0-2 g.) as long needles, m. p. 129 
alone or mixed with a specimen prepared by method (a). 

3-A mino-5-bromo-2-chloropyridine.—(a) Reduction of 5-bromo-2-chloro-3-nitropyridine with 
iron filings and acetic acid gave 3-amino-5-bromo-2-chloropyridine (yield 85%) which crystallised 
from aqueous acetone as needles, m. p. 131° (Found: C, 29-1; H, 2-1; N, 13-8. C,;H,N,ClBr 
requires C, 28-9; H, 1:9; N, 135%). Light absorption in ethanol: Max. at 2510 (ce 7200) 
and 3140 A (c = 4700). 

(b) 3-Amino-2 : 5-dibromopyridine (1 part) was refluxed with hydrochloric acid (20 parts; 
d 1-19) for 2 hours. Crystallisation of the product from water (charcoal) gave 3-amino-5- 
bromo-2-chloropyridine (yield 35%) as needles, m. p. 131° undepressed by the specimen prepared 
by method (a). Light absorption in ethanol: Max. at 2510 (e= 7200) and 3120 A (ec = 4900). 

(c) A mixture of 2 : 5-dibromo-3-nitropyridine (2-82 g.), hydrochloric acid (30 c.c.; d 1-19), 
and granulated tin (7 g.) was refluxed until solution was complete. The solution was evaporated 
to dryness, and the residue dissolved in hot water (15 c.c.), and the solution filtered. The cold 
solution was basified by the addition of sodium hydroxide solution (30 c.c.; 50%), and the 
precipitate was collected, dried, and extracted with boiling benzene (3 x 100 c.c.). Evapor- 
ation of the solvent and crystallisation of the residue from water (charcoal) gave 3-amino-5- 
bromo-2-chloropyridine (0-2 g.) as needles, m. p. 131° alone or mixed with a specimen (a) (Found : 
C, 28-9; H, 1-6%). 

2 : 3-Diamino-5-bromo-4(6)-chloropyridine.—This was obtained in 21% yield from 2-amino-5- 
bromo-3-nitropyridine by using the method (c) described above; it separated from water as long 
needles, m. p. 164° (Found: N. 18-7. C;H,N,ClBr requires N, 18-9%). 

Quinoxaline derivative. A filtered solution of 2: 3-diamino-5-bromo-4(6)-chloropyridine 
(100 mg.) in glacial acetic acid (5 c.c.) was added to a hot filtered solution of phenanthraquinone 
(120 mg.) in glacial acetic acid (15 c.c.), and the mixture heated at 100° for 15 minutes. The 
crystalline solid (orange needles) which separated was collected, washed with glacial acetic acid, 
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and dried; the derivative (70 mg.) had m. p. 270—272° (Found : N, 11-0. C,,H,N,ClBr requires 
N, 10-6%). 

5-Bromo-2 : 3-dichloropyridine.—A solution of 3-amino-5-bromo-2-chloropyridine (0-3 g.) 
in hydrochloric acid (10 c.c.; d 1-19) was treated at 0° with one of sodium nitrite (0-55 g.) in 
water (1-5 c.c.), added dropwise with shaking. Copper powder (1-1 g.) was added, and the 
mixture was shaken for 1 hour and then almost neutralised by the addition of 30% sodium 
hydroxide solution with cooling. The precipitate was separated, dried, and extracted with hot 
acetone, the acetone extract evaporated, and the residue stirred with light petroleum (b. p. 
40—60°; 5c.c.). The filtered petroleum extract was evaporated and the residue crystallised 
from aqueous acetone, giving 5-bromo-2 : 3-dichloropyridine (100 mg.) as needles, m. p. 30—31° 
(Found : Cl + Br, 66-0. C;H,NCI,Br requires Cl + Br, 66-5%). 

2 : 5-Dibromo-3-hydroxypyridine.—A solution of 3-amino-2: 5-dibromopyridine (1-26 g.) 
in one of sodium nitrite (0-35 g.) in sulphuric acid (8 c.c.; d 1-84) at 20° was shaken for 30 
minutes and then diluted with water (25 c.c.) with cooling. The solution was heated gradually 
to 100° and kept at this temperature until no more gas was evolved; after cooling a solution of 
sodium hydroxide (11-0 g.) in water (20 c.c.) was added and the precipitate collected, dried, and 
extracted with hot acetone. Evaporation of the solvent and crystallisation of the residue from 
aqueous methanol (charcoal) gave 2: 5-dibromo-3-hydroxypyridine (0-6 g.) as needles, m. p. 
195—197° (Found: C, 24-1; H, 1-2. C,H,ONBr, requires C, 23-7; H, 1-2%). 

2-A mino-5-bromo-3-nitropyridine.—5-Bromo-3-nitropicolinamide (12-1 g.) was added to a 
solution of potassium hypobromite, prepared at 0° from bromine (9-0 g.) and potassium hydroxide 
(35 g.) in water (500 c.c.). After being shaken vigorously for 3 hours at room temperature the 
mixture was kept at 70° for 30 minutes and then at 0° for 16 hours. The precipitate was 
collected and crystallised from ethyl acetate, giving 2-amino-5-bromo-3-nitropyridine (7-0 g.) 
as yellow needles, m. p. 205° not depressed when the specimen was mixed with one of m. p. 105°, 
prepared by Tschitschibabin and Tjashelowa’s method (J. Russ. Phys. Chem. Soc., 1920, 50, 
483). 
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380. The Oxidation of Simple Organic Substances by Sodium 
Metaperiodate in Solutions exposed to Daylight. 


By Frank S. H. HEAD and G. HUGHEs. 


Light accelerates the periodate oxidation of a number of simple organic 
compounds, most of which cannot be regarded as a-glycols (cf. Head, Nature, 
1950, 165, 236). The compounds investigated included formic acid and form- 
aldehyde, because the amounts of these produced in periodate oxidations of 
polysaccharides are sometimes used in calculations of chain length. They, 
and most of the other compounds investigated, are oxidised ultimately to 
carbon dioxide and water. 


THE rupture of the carbon-carbon single bond in «-glycols and certain related groupings 
by periodic acid and its salts (Malaprade, Bull. Soc. chim., 1928, [iv], 43, 683), has been 
widely applied in the solution of structural problems. It is usually effected at room tem- 
perature, and the time of reaction may vary from a few minutes to a day or so. The 
result is usually almost quantitative, especially when a large excess of oxidant is avoided. 
However, very few of the products are completely resistant to further oxidation by 
periodate, and many instances of over-oxidation have been recorded. 

Over-oxidation may result from a further glycol cleavage much slower than the main 
reaction, or from some different type of oxidative process. It can also occur when a side 
reaction, such as slow hydrolysis, opens the way to further glycol fission; the pH of the 
reaction mixture may then be an important factor (Head, J. Text. Inst., 1947, 38, T 389). 
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Huebner, Ames, and Bubl (J. Amer. Chem. Soc., 1946, 68, 1621) found that the reactive 
hydrogen atom in such compounds as malonic acid is rapidly oxidised to hydroxyl by 
periodate (cf. also Sprinson and Chargaff, J. Biol. Chem., 1946, 164, 433). The slow 
oxidation of formaldehyde to formic acid, and of the latter to carbon dioxide (Davidson, 
J. Text. Inst., 1941, 32, T 109), may be special examples of Huebner’s reaction. Besides 
being itself responsible for some over-oxidations, this type of reaction, by introducing a 
new hydroxyl group, sometimes leads to further glycol cleavage. 

The speed and extent of periodate oxidations are affected, not only by temperature and 
concentration, but also by the incidence and intensity of daylight as shown by Head 
(Nature, 1950, 165, 236) for 6-methylglucoside, $-methylcellobioside, and cotton cellulose. 
Rammelsberg (Pogg. Ann., 1868, 134, 534) reported that pure periodate solutions were 
unstable and developed a smell of ozone on storage, but Head (loc. cit.) found that this 
occurred only in the light ; solutions stored in darkness remained odourless and were stable 
for many weeks. The instability of the pure solutions in light is due to the autoreduction 
of periodate to iodate and ozonised oxygen, the reaction being quantitative when the 
exposure to daylight is sufficiently prolonged. Thus, for reactions in daylight, auto- 
reduction of periodate might be mistaken for over-oxidation of a glycol, if the course of 
the reaction were followed only by periodate determinations. It has been found that light 
accelerates the periodate oxidation of a number of simple organic substances, such as 
formic acid and formaldehyde. In these simple systems the changes in concentration of 
both oxidant and organic reductants can be followed without difficulty; it is then possible 
to determine what, if any, part of the change in the concentration of periodate is due to its 
autoreduction. Particular interest attaches to the behaviour of formic acid and form- 
aldehyde, since attempts are sometimes made to solve constitutional problems, such as the 
chain length of polysaccharides, by measuring the amounts of these substances produced 
by periodate oxidation (cf. Halsall, Hirst, and Jones, J., 1947, 1427). The present paper 
deals, in addition, with methyl and ethyl] alcohol, acetaldehyde, and acetic, glycollic, and 
oxalic acid. Conflicting reports of the behaviour of several of these with periodate under 
unspecified conditions of illumination occur in the literature. 

In the present work pairs of identical reaction mixtures were kept at room temperature 
under conditions as nearly identical as possible, except that one was exposed to the pre- 
vailing daylight and the other kept in darkness. The quantity of periodate taken was 
usually twice the amount necessary for complete oxidation of the organic substance. A 
periodate control solution was exposed to light simultaneously. The results are illustrated 
in Figs. 1—8, which show the changes with time in the compositions of the different re- 
action mixtures; the term “‘ excess ’’ or “‘ equivalent ’’ used in the legends refers to the 
proportions of reactants required for oxidation to carbon dioxide and water; the theoretical 
periodate consumption at this stage is shown by the broken lines in the figures. 

Except for acetic acid, which seems to be completely resistant (cf. Fleury and Boisson, 
J. Pharm. Chim., 1939, 30, 307), all the substances discussed here are oxidised in light. 
Some, and possibly all, are oxidised, although much more slowly, in the dark ; with methyl 
and ethyl alcohol no significant reaction occurs within one month. The reactions in the 
dark are continuous over long periods (cf. Tables 1 and 2, p. 2051), and there is no evidence 
that they differ, except in speed, from the reactions in the light. Fora particular substance 
the rate is greatly affected by the light intensity and, since this varied both within and 
between experiments, the results cannot be used to compare the rates of reaction of different 
substances, or for the kinetic analysis of a particular reaction. Some idea of the variations 
in light intensity is given by the times required for the concentration of periodate in the 
control solutions to fall by 1%, which varied from 1 to 13 days. 

In general, reduction of periodate by the organic substances in daylight was much 
more rapid than the autoreduction of the corresponding control solution, but the rate 
differences were not very great with ethyl alcohol and acetaldehyde, which react relatively 
slowly even in light. With formic acid, formaldehyde, and oxalic acid, it was clear that 
no measurable autoreduction of periodate occurred concurrently with the main reaction ; 
with the other substances the analytical results were insufficient to enable a conclusion to 
be drawn. Formic acid, formaldehyde, glycollic acid, methyl alcohol, and oxalic acid can 
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Fic. 1. Oxidation of 0-1mM-formic acid in 0-2m- Fic. 2. Oxidation of 0-05m-formaldehyde in 0-2m- 
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be oxidised completely to carbon dioxide and water in daylight. No smell of ozone was 
noticed with reaction mixtures containing the first three until oxidation was complete, 
but ozone was evolved at an earlier stage from mixtures containing the last two. Inter- 
mediate products have been detected: e.g., methyl alcohol and glycollic acid give rise to 


Fic. 5. Oxidation of 0-05m-methyl alcohol (50% excess) Fic. 6. 
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formaldehyde, which, in turn, gives formic acid. With a large excess of periodate in bright 
sunlight oxidation of formic acid may be complete in as little as one day. It is clearly 
desirable to carry out Malaprade reactions in the dark whenever the amount of formic acid 
produced is to be measured. 

Fleury and Boisson (Compt. rend., 1937, 204, 1264; J. Pharm. Chim., 1939, 30, 145) 
have reported complete oxidation of acetaldehyde by periodic acid at 100°; the inter- 
mediate products were methyl alcohol, formaldehyde, and formic (but not acetic) acid. 
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Complete oxidation has not been achieved under the conditions employed in the present 
work; the reaction is slow and gives acetic acid (65° yield) which is stable to further 
oxidation (Fig. 6). 

Ethylene glycol reduces periodate almost instantaneously and can be used to remove 
an excess of the reagent (Halsall, Hirst, and Jones, Joc. cit.). This reaction is very rapid 
in the dark also, and it provides a convenient means of preparing standard solutions of 
formaldehyde in periodate solution. No previous reference to the periodate oxidation of 
glyoxal has been found, but it, too, reacts very rapidly with periodate, giving formic acid. 

In another set of experiments, with formic acid, formaldehyde, methyl alcohol, and 
oxalic acid, the amount of periodate was only half that required for complete oxidation. 
Complete reduction of periodate occurred in daylight, and iodine was liberated, as noted 
in the earlier work with glycosides (Head, Joc. cit.). Malaprade (loc. cit.) noticed this 
liberation of iodine with an excess of glycol, and it has since attracted the attention of a 
number of workers who have ascribed it to a variety of specific causes. In our experience, 
it is always associated with the exhaustion of the available periodate, and, in acid solutions, 
it gives a good indication of the near approach of this end-point; it is evidence that iodate 
can act as an effective oxidant (cf. Courtois and Ramet, Bull. Soc. Chim. biol., 1947, 29, 
240). 


EXPERIMENTAL 


Materials.—Sodium metaperiodate (Hill, J. Amer. Chem. Soc., 1928, 50, 2678), recrystallised 
twice from water, was pure according to analysis. 

Ethyl! alchol, formic, acetic, and oxalic acids were of analytical reagent quality and the 
methyl alcohol was a carefully fractionated specimen. Acetaldehyde was purified through 
the ammonia compound. Commercial ethylene glycol was purified by two fractional distill- 
ations (the first under reduced pressure). Glycollic acid was recrystallised from a small volume 
of acetone, powdered, and dried in vacuo over phosphoric oxide; it had m. p. 78—79°. 

Analytical Methods.—Periodate was determined by Miiller and Friedberger’s method (Ber., 
1902, 35, 2662). For the determination of acid, the reaction mixture (10 c.c.) was treated 
with ethylene glycol (5 c.c. of 10% solution), diluted to 55 c.c., and aérated for 15 minutes with 
air free from carbon dioxide (15—17 1. per hour). Preliminary experiments showed that re- 
duction of periodate was complete, and that carbon dioxide could be removed in this way 
without measurable loss of formic or acetic acid. The solution was titrated with carbonate-free 
sodium hydroxide (phenolphthalein). 

Formaldehyde was determined by dimedone after removal of periodate and iodate by an 
adaptation of Reeves’s method (J. Amer. Chem. Soc., 1941, 63, 1476). The reaction mixture 
(25 c.c.; max. formaldehyde concn. 0-05M), diluted with water (50 c.c.), was treated with 
N-hydrochloric acid (10—20 c.c.) and an excess of 2-25N-sodium arsenite. Sodium acetate 
(50 c.c.; 0-4m) was added, followed by sufficient acetic acid to bring the pH to 4-5 (B.D.H. 
“4-5 Indicator ’’ was used). The formaldehyde was then precipitated by dimedone (5 c.c. 
of 10% alcoholic solution); the precipitate was dried to constant weight in vacuo over phos- 
phoric oxide. Experiment showed that (a) 0-2mM-periodate was completely reduced in less than 
5 minutes under the above conditions, (6) doubling the amount of dimedone taken did not 
alter the yield from 0-05M-formaldehyde, and (c) no precipitate was obtained in the absence of 
formaldehyde. 

Oxidation Procedure.—Suitable reaction mixtures were halved and placed in stoppered Pyrex 
vessels. One portion was exposed to light and the other kept in an opaque container. Most 
of the exposures were carried out behind a south-facing window, but often under winter con- 
ditions when the light intensity was very low. All experiments were done at room temperature 
and, in order to maintain equality of temperature, as between the two portions, both were 
immersed in water in a tank. 

Effect of Light on Sodium Metaperiodate Solutions.—0-05M-Sodium metaperiodate, in a closed 
Pyrex glass tube about 1 cm. in diameter, was exposed to daylight as above. The concentration 
of periodate in the irradiated solution reached zero after five months. At the end of the ex- 
posure the solution gave, with silver nitrate, a precipitate having the characteristic properties 
of silver iodate, in quantity equivalent to the amount of periodate originally present. The same 
periodate solution stored for 5 months in a closed glass vessel in the dark at the laboratory tem- 
perature showed no change in concentration greater than the probable analytical error. In 
another experiment, 0-1M- and 0-2Mm-solutions of sodium metaperiodate contained in gas-burettes 
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of the Bunte type, and acting as their own enclosing liquids, were exposed to daylight as above. 
A considerable volume of gas collected during a week’s exposure to suramer sunlight; it was 
completely absorbed by alkaline pyrogallol, and by alkaline dithionite (hydrosulphite) solution, 
and consisted chiefly of oxygen with about 1% of ozone. Although ozone is only a minor 
product of the autoreduction, its intense smell is a very sensitive indication of the decom- 
position of metaperiodate solutions in light. A 0-03m-solution, prepared and preserved in the 
dark, remained odourless for many weeks. When exposed to direct sunlight behind glass it 
developed a faint smell of ozone in 10 minutes, and a strong smell in 2 hours; the same solution 
exposed only to the diffuse daylight of the laboratory developed a faint smell in 2 hours. All 
these results were obtained with carefully purified material. 

Oxidation of Formic Acid.—The oxidation reaction was followed by determining both formic 
acid and periodate, and the results of a typical experiment are given in Fig. 1. In daylight, 
autoreduction of the periodate control (curve 3) is negligible in comparison with the reduction 
which occurs in the presence of formic acid (curve 1). The amounts of periodate reduced and 
formic acid destroyed are equivalent for experiments both in the dark and in the light 
(curve 1 and 2, and Table 1). This, and the absence of any smell of ozone until the reaction is 
complete, make it unlikely that appreciable autoreduction of periodate occurs when formic acid 
is present. Oxidation is much more rapid in light than in darkness, but reaction in the dark is 
nevertheless continuous over long periods of time (Table 1). 


TABLE 1. Oxidation of formic acid (0-05m) with sodium metaperiodate (0-1M). 
Light Dark 


a gpa ‘ 
Time Fall in concn. (M) : 
(hours) Periodate Formic acid (days) Periodate Formic acid 
1 0-0068 0-0068 l 0-0012 —- 
2 0-0112 0-0113 0-0021 0-0018 
4 0-0170 0-0172 0-0030 0-0031 
6 0-0237 0-0237 0-0044 0-0041 
24 0-0336 0-0335 0-0078 0-0072 
48 0-0472 0-0473 0-0084 0-0086 





c 





Time Fall in concn. (m) : 


Oxidation of Formaldehyde.—Solutions initially 0-025m in glycol and 0-125m or 0-225 in 
periodate were prepared from weighed amounts of pure ethylene glycol and periodate. Oxid- 
ation to formaldehyde was complete in less than 15 minutes in darkness, and there was no 
further change in periodate titre for a short time. One mole of glycol consumed 1-002 moles 
of periodate and gave 2-007 moles of formaldehyde (mean of six experiments). Periodate, 
formaldehyde, and formic acid were then determined at intervals, and the results of one experi- 
ment made in daylight are given in Fig. 2. 

Formic acid is an intermediate product of oxidation; its concentration passes through a 
maximum (curve 3). From the amounts of formic acid and formaldehyde present at any time 
it is possible to calculate what the fall in periodate concentration should be, provided that there 
is no autoreduction. The calculated are in good agreement with the observed values (curve 1; 
cf. also Table 2); if any autoreduction occurs concurrently it must be of very small extent. 

Formaldehyde is oxidised much more rapidly in daylight than in darkness. This is shown 
in Fig. 3, which also compares the reaction rates (simultaneous exposures) in the presence of 
proportions of periodate equivalent to, and in 100% excess of, that required for complete oxid- 
ation; under the latter conditions the consumption of periodate in the illuminated reaction 
mixture eventually corresponded to complete oxidation of the formaldehyde. Reaction in 
the dark is slow, but progressive (Table 2). 


TABLE 2. Oxidation of formaldehyde (0-05m) with sodium metaperiodate (0-1m) 
in darkness. 

Fall in concn. of Formic acid Fall in concn. of periodate (m) 
formaldehyde (m) produced (mM) 
(b) Obsd. 
0-0000 
0-0001 
0-0012 
0-0026 


Oxidation of Methyl Alcohol.—In daylight the oxidation leads to formaldehyde (identified 
as dimedone derivative, m. p. and mixed m. p. 190°), formic acid, and carbon dioxide. With 
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100% excess of oxidant complete oxidation occurs (Fig. 4), and the amounts of intermediate 
products detected are small. The smell of ozone develops at an early stage but, in the absence 
of analyses for either methyl alcohol or carbon dioxide, the extent of any autoreduction of 
periodate cannot be gauged. With an excess of methyl alcohol over periodate, larger quantities 
of formaldehyde (up to 33%) and formic acid (up to 17%) are formed (Fig. 5); no ozone is 
detected, but there is a trace of carbon dioxide. In the dark there is no significant reaction 
within 20 days. 

Oxidation of Acetic Acid.—The titre of a 0-05m-solution of acetic acid in 0-1M-periodate 
remains unchanged even after 2 months’ exposure to direct summer daylight. The periodate 
titre falls continuously at a rate similar to that of the periodate control, and there is a strong 
smell of ozone from the outset. It seems clear that the fall in periodate titre is due to auto- 
reduction, and that, apart from the possibility of per-acid formation, acetic acid is completely 
resistant to oxidation. 

Oxidation of Acetaldehyde.—Oxidation proceeds slowly in the light, but ozone is not noticed 
with solutions which smell strongly of the aldehyde. With a very dilute solution (Fig. 6) it is 
noticed after 15 days; after 42 days the aldehyde smell can no longer be detected. The quantity 
of acid formed reaches a maximum after about 15 days and remains constant for a long time. 
This suggests that the product is acetic rather than formic acid, which is confirmed by potentio- 
metric titration (glass electrode); the pA was 4-70, the value for acetic acid being 4-76 and for 
formic acid 3-75. The yield of acetic acid was 65%. It remains possible that some formic acid 
may arise in the early stages of the oxidation, but it is doubtful whether acetaldehyde can be 
oxidised completely to carbon dioxide and water in daylight. Oxidation in the dark is extremely 
slow. 

Oxidation of Ethyl Alcohol.—In darkness, there is no measurable reaction within 35 days. In 
daylight slow reduction of periodate occurs. Acid is formed, and acetaldehyde can be detected 
both by its smell and as the dimedone compound (yield ca. 16% after 35 days), which, however, 
appears to be impure; it had m. p. 134—136°, but, mixed with authentic material (m. p. 141°), 
134—139°. Despite the slowness of the reaction, there is no smell of ozone. 

Oxidation of Oxalic Acid.—Oxidation occurs at an appreciable rate in the dark, and is 
relatively rapid in daylight. Fig. 7 shows that there is good agreement between the amounts of 
oxalic acid and periodate consumed until oxidation of the acid is complete (ca. 10 days). The 
subsequent divergence of the two curves is due to autoreduction of periodate. Although the 
measurements provide no evidence of autoreduction during the oxidation of the acid, there was, 
nevertheless, a smell of ozone from the first day. 

Oxidation of Glycollic Acid.—Oxidation is relatively rapid even in the dark, and complete 
oxidation occurs within about 2 days in bright sunlight, or 10 days in diffuse light (Fig. 8). 
At this stage about 3 moles of periodate have been reduced per mole of glycollic acid, and the 
acidity has completely disappeared. Ozone is detected only at the end of the oxidation. It 
is probable that formic acid is produced at some stage, and the values for fall in acidity must 
be regarded as net decreases. Formaldehyde was detected (dimedone compound, m. p. and 
mixed m. p. 190°) at certain stages in both the light and dark reactions. 

Oxidation of Glyoxal.—Redistilled monomeric glyoxal (Harries and Temme, Ber., 1907, 40, 
165) was dissolved in dry benzene and the solution shaken with water. The aqueous layer was 
freed from benzene by aération and filtered, and its concentration determined by Friedemann’s 
hydrogen peroxide method (J. Biol. Chem., 1927, 73, 331) and by iodometry (cf. Head, J. Text. 
Inst., 1947, 38, T 389). With a solution which was 0-020M in glyoxal and 0-027M in periodate, 
the consumption of oxidant (determined by Fleury and Lange’s method, J. Pharm. Chim., 1933, 
17, 107) reached 0-99 mole per mole of glyoxal after 8 minutes and remained constant during 
several hours. (This part of the work was done before the discovery of the light effect.) The 
corresponding figures for formic acid produced were: 1-84 (5 mins.); 1-94 (15 mins.); 1-99 
(30 mins.); 2-01 (1, 3, and 6 hours). Hughes and Nevell (Tvans. Faraday Soc., 1948, 44, 941) 
reported a similarly delayed appearance of formic acid during the oxidation of glucose by 
periodate. 
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381. N-Substituted Glycosylamines. Part III.* Acetates, Benzoates, 
and Methyl Ethers. 
By G. P. ELLis and JoHN HONEYMAN. 

Acetylation of N-p-tolylglucosylamine, followed by hydrolysis, leads to 
glucose 2:3: 4: 6-tetra-acetate. 

Methods for the preparation of crystalline benzoates of N-arylglycosyl- 
amines are described for the first time, together with their conversion into the 
corresponding aldose benzoate. In this way N-p-tolylglucosylamine has 
been converted into glucose 2:3: 4: 6-tetrabenzoate, N-p-tolylmannosyl- 
amine into mannose 2:3: 4: 6-tetrabenzoate, and N-p-tolylxylosylamine 
into xylose 2 : 3 : 4-tribenzoate. 

Several different ways, including direct methylation, have been used to 
prepare tetramethyl ethers of N-phenyl- and N-p-tolyl-glucosylamines and 
in all cases the crystalline products have been pyranose compounds with 
high positive specific rotations. 

In all the reactions investigated, the N-arylglycosylamines react as 
pyranose compounds. 


THE acetates of N-arylglycosylamines have been prepared in several ways and since, in 
contrast to the parent compounds, they are stable, crystalline, and sharp-melting, they 
have been used in some cases as derivatives for characterization (Frérejacque, Compt. 
rend., 1938, 206, 111). Those reported are pyranoses since they can also be prepared from 
aldopyranose acetates and from acetobromoaldopyranoses. The acetates obtained by 
acetylation of the N-arylglycosylamines may be the a- or the $-anomer or a mixture of 
both. In syntheses using the acetobromo-sugar, the $-anomer is invariably produced 
(Kuhn and Dansi, Ber., 1936, 69, 1745; Butler, Smith, and Stacey, J., 1949, 3371; 
Honeyman and Tatchell, J., 1950, 967), whereas Butler et al. obtained the «-anomer by 
the interaction of tetra-acetyl D-galactose with the amine. In the present work it has 
been found that 2: 3:4: 6-tetra-acetyl D-glucose reacts with aniline to give N-phenyl-«- 
D-glucopyranosylamine tetra-acetate and with #-toluidine to give N-p-tolyl-$-p-gluco- 
pyranosylamine tetra-acetate, each in good yield. Acetylation of N-p-tolyl-p-glucosyl- 
amine with excess of acetic anhydride gives N-p-tolyl-$-D-glucosylamine tetra-acetate 
(Honeyman and Tatchell, Joc. cit.). An attempt to extend the method of Butler ef al. 
(loc. cit.), by which they obtained a mixture of «- and @-anomers of N-phenylgalactosyl- 
amine tetra-acetate, gave the B-anomer only. 

Zemplén and Gerecs (Ber., 1930, 63, 2720) obtained a high proportion of «-anomer from 
the interaction of hepta-acetyl cellobiosyl bromide with alcohols in the presence of 
mercuric acetate. An attempt was made in the present work to adapt this reaction to 
the case of acetobromoglucose and #-toluidine but in all cases except one the $-isomer, 
[«]p —33° in chloroform, was isolated. In one experiment, a very small amount of an 
unidentified dextrorotatory product, [«]p +70-6° in chloroform, was obtained but the yield 
made the method impracticable. 

Crystalline benzoates of N-substituted glycosylamines have not been reported. The 
method used here consists of treating a pyridine solution of the compound with a small 
excess of benzoyl chloride at 0° for from 15 minutes to 3 hours. In this way, crystalline 
benzoates of N-f-tolyl-p-xylosylamine, -glucosylamine, and -mannosylamine have been 
obtained, but benzoylation of N-phenyl-D-glycosylamine and -ribosylamine gave benzanilide 
as the sole product isolated. N-p-Tolylglucosylamines give crystalline benzoates more readily 
than do the N-phenyl derivatives which are, apparently, hydrolysed. The crystalline 
benzoates described are stable, well-defined, high-melting solids, and as they are obtained 
in good yield are suitable for characterization of N-arylglycosylamines. 

Removal of the amine group from the esters is a useful method for locating the position 
of the ring. In the present work, the hydrolysis of N-f-tolyl-p-glucosylamine tetra- 
acetate to crystalline 2:3: 4: 6-tetra-acetyl D-glucose, m. p. 124—126°, in good yield is 
reported. Variations in the melting point of this compound have been recorded: thus 

* Part II, J., 1952, 1490. 
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Hendricks, Wulf, and Liddell (J. Amer. Chem. Soc., 1936, 58, 1997) give values ranging 
from 114—117° to 138—140°. This route to 2:3:4:6-tetra-acetyl D-glucose is an 
attractive alternative to the standard method through acetobromoglucose (Org. Synth., 
1945, 25, 53). Similarly, N-p-tolyl-p-glucosylamine tetrabenzoate has been converted into 
2:3:4:6-tetrabenzoyl D-glucose, identical with that prepared from 2: 3:4: 6-tetra- 
benzoyl glucosyl bromide by Fischer and Noth (Ber., 1918, 51, 332). Hydrolysis of N-p- 
tolyl-D-mannosylamine tetrabenzoate in the same way gave 2:3: 4: 6-tetrabenzoyl 
p-mannose (Ness, Fletcher, and Hudson, J. Amer. Chem. Soc., 1950, 72, 2200), and that of 
N-p-tolyl-D-xylosylamine tribenzoate gave tribenzoy] D-xylose, identical with that prepared 
from tribenzoyl xylosyl bromide (Major and Cook, J. Amer. Chem. Soc., 1936, 58, 2333). 
Although the structure of this bromide has not been elucidated it is, by analogy with other 
sugars, presumed to be pyranose: consequently the tribenzoate obtained is 2: 3 : 4-tri- 
benzoyl D-xylose. This proves that the N-arylglycosylamine benzoates examined are 
pyranoses, so that in benzoylation, also, the N-arylglycosylamines react as pyranose 
compounds. The method described for preparing D-glucose and D-mannose tetrabenzoates 
and pD-xylose tribenzoate constitutes the simplest method for obtaining them in high yield. 
The benzoates of the N-arylglycosylamines are considerably more resistant to acid 
hydrolysis than the acetates. 

N-Phenylglucosylamine tetramethyl ether was prepared in several ways. Irvine and 
Gilmour (J., 1908, 98, 1429) have prepared the «-pyranose compound, [«]p -+238° —~> 
-+-47° (in methanol containing a trace of hydrochloric acid), by methylating N-phenyl- 
glucosylamine with methyl iodide-silver oxide and by condensation of aniline and 
2:3:4:6-tetramethyl D-glucose at room temperature. Irvine and Moody (/., 1908, 93, 
95) and Pringsheim and Steingréver (Ber., 1926, 59, 1001) obtained the same compound by 
boiling the reagents in ethanol. Both methods of condensation were repeated in the 
present work, and, in addition, N-phenylglucosylamine was methylated by a modification 
of Haworth’s method. All three gave, as the only product, the a-anomer. The yield 
by the last method, however, was low, as expected from the susceptibility of N- 
phenylglucosylamine to alkali. The same ether was also prepared from tetramethyl 
D-glucopyranosyl bromide and aniline, although, by analogy with the acetate, the 6-anomer 
was expected. The mutarotation of N-phenylglucosylamine 2 : 3: 4 : 6-tetramethyl ether 
was observed in pure methanol: this mutarotation cannot involve pyranose-furanose 
change. No mutarotation was observed in acetone or in chloroform. On leaving a 
methanol solution of the ether which had reached equilibrium, [«]p +47°, to evaporate 
at room temperature, N-phenyl-a«-D-glucosylamine 2:3: 4: 6-tetramethyl ether, [«]p 
+-217° (initial value in methanol), was obtained. The isomerization during mutarotation 
had thus been reversed during the slow evaporation. The condensation of -toluidine 
and tetramethyl D-glucose in cold ethanol gave the same product as from condensation in 
boiling ethanol, or in low yield by methylation of N-f-tolyl-p-glucosylamine (Kuhn 
and Dansi, loc. cit.). The physical constants of the specimen, m. p. 151—152°, 
[a] +221-4° —+> +60-0° (c, 0-5 in methanol), [«]i® +207-0° (c, 1-0 in chloroform), 
obtained from the condensation at room temperature are noticeably higher than those 
previously recorded. The low yield of tetramethyl ether obtained by methylation of 
N-phenyl- and of N-#-tolyl-p-glucosylamine made this method of little value for 
investigating structures and hence its application to other glycosides was not pursued. 

All the derivatives of the N-arylglycosylamines described in this paper are pyranose. 
Under diverse conditions the N-arylglycosylamines react in the pyranose form and no valid 
evidence has yet been presented for the existence of a furanose isomer. The composition 
of the equilibrium mixture which exists in solution has not yet been studied in detail but 
the similarity of behaviour of these compounds in certain respects to the aldoses themselves 
is striking. 

EXPERIMENTAL 

M. p.s are uncorrected. All solvents used for measurements of specific rotations were 
purified to remove moisture. The light petroleum used had b. p. 60—80°. 

Acetylation of N-p-Tolyl-8-p-glucosylamine.—A solution of N-p-tolyl-8-p-glucosylamine 
(3 g., 1 mol.) in pyridine (30 ml.) containing acetic anhydride ‘(4-4 ml., 1 mol.) was kept at —5° 
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for 30 minutes and then at 0° for 36 hours. The crude product (4:2 g., 85%), obtained by 
precipitation with ice-water, crystallized from ethanol to give N-p-tolyl-§-p-glucosylamine 
2:3:4: 6-tetra-acetate, m. p. 141—143°, [a]? —32-7° (c, 0-6 in chloroform). Honeyman and 
Tatchell (/oc. cit.) record m. p. 144—145°, [a]}? —33-4° (c, 0-4 in chloroform). 

Hydrolysis of N-p-Tolyl-8-p-glucosylamine Tetra-acetate.—The procedure followed was that 
described by Butler e# al. (loc. cit.). From N-p-tolylglucosylamine tetra-acetate (2 g.) crystals 
were obtained, m. p. 122—124° (1-5 g., 94%), which were recrystallized from acetone—ether— 
light petroleum to give 2: 3: 4: 6-tetra-acetyl D-glucose, m. p. 124—126°, [a]}f +31-6° (c, 0-5 
in chloroform), [x]? +31-6° —» +36-7° (c, 0-5 in chloroform containing a trace of ethanol). For 
this compound Hendricks, Wulf, and Liddell (/oc. cit.) give constants including m. p. 120— 
120-5°, [a]p +30° (in ethanol). 

Condensations with Tetra-acetyl p-Glucopyranose.—(a) A solution of 2:3: 4: 6-tetra-acetyl 
p-glucose (3 g., 1 mol.) and aniline (0-8 g., 1 mol.) in absolute ethanol (30 ml.) was refluxed for 
2 hours. The solvent was removed and there separated crude crystals (1-6 g., 44%) which on 
recrystallization from ethanol gave N-phenyl-a-p-glucosylamine 2 : 3: 4: 6-tetra-acetate, m. p. 
146—148°, [«}}? +178-9° (c, 0-4 in chloroform). Honeyman and Tatchell give m. p. 149—150°, 
({a}i® +180° (c, 2-5 in chloroform). (b) A solution of 2:3: 4: 6-tetra-acetyl p-glucose (1 g., 
1 mol.) in ethanol (20 ml.) was refluxed with p-toluidine (0-3 g., 1 mol.) for 2 hours. After 
isolation as in (a), the crude crystals (1-0 g., 83%) were recrystallized from methanol, to give 
N-p-tolyl-8-p-glucosylamine 2: 3: 4: 6-tetra-acetate, m. p. 141—142°, [a]? —35-0° (c, 0-6 in 
chloroform). Honeyman and Tatchell record m. p. 144—145°, [«]}? —33-4° (c, 0-4 in chloroform). 

Condensations with 2: 3: 4: 6-Tetra-acetyl D-Glucosyl Bromide.—(i) A mixture of tetra-acetyl 
p-gliicosyl bromide (5 g., 1 mol.), p-toluidine (1-3 g., 2 mol.), and mercuric acetate (1 g., 0-5 mol.) 
was warmed to 60° for 15 minutes. The solution became dark brown and resinous and no solid 
product was obtained. 

(ii) A solution of the bromide (2-5 g., 1 mol.), p-toluidine (0-6 g., 2 mol.), and mercuric 
acetate (0-5 g., 0-5 mol.) was made in sodium-dried ether (25 ml.) and left at room temperature 
for 9 hours. The filtrate was washed, dried, and evaporated, leaving a syrup which gave a 
small amount of solid, [«]p +70-6° (c, 0-2 in chloroform), which was not identified. 

(iii) The directions of (ii) were followed but the reaction time was 2 hours at room 
temperature followed by 4 hours at 0°. Crystals of N-p-tolyl-8-p-glucosylamine 2:3: 4: 6- 
tetra-acetate, m. p. 140°, [«]?? —33-1° (c, 0-5 in chloroform), were obtained. 

(iv) The preceding experiment was repeated with a higher proportion of mercuric acetate 
(2 g., 1:6 mol.). The product was the same tetra-acetate. 

N-p-Tolyl-p-glucosylamine Tetrabenzozte.—Benzoyl chloride (12 ml., 8 mol.) in pyridine 
(8 ml.) was added slowly to a solution of N-p-tolylglucosylamine (3-5 g., 1 mol.) in pyridine 
(5 ml.) while the temperature was kept at 0°. After 3} hours at 0° the reaction mixture was 
poured into water. The oil which separated was washed thoroughly with cold water and then 
triturated with ethanol. Recrystallization from acetone-ethanol yielded N-p-tolyl-p-glucosyl- 
amine 2:3: 4: 6-tetrabenzoate, m. p. 209°, [a]}® +14-1° (c, 0-4 in chloroform), [«]}? +50-0° 
(c, 0-4 in benzene) (Found: C, 71-3; H, 5-1; N, 2-3. C,,H;,O,N requires C, 71-8; H, 5-1; 
N, 2-1%). y 

N-p-Tolyl-p-mannosylamine Tetrabenzoate.—A solution of N-p-tolylmannosylamine (1-5 g., 
1 mol.) was made by heating it to ca. 70° in pyridine (12 ml.). When solution was complete, it 
was rapidly cooled to 0° and benzoyl chloride (1-1 ml., 5 mol.) in pyridine (2 ml.) was dropped 
into it. The reaction mixture was left at 0° for 2 hours before being poured into ice-water. 
The white paste, after repeated washing with water, was dissolved in chloroform and the solution 
washed several times with 5n-hydrochloric acid, with 1% sodium carbonate solution, and 
with water. The syrup obtained after drying, filtration, and evaporation crystallized under 
methanol. This crude product (2-8 g., 74%), recrystallized from methanol-light petroleum, 
was N-p-tolyl-p-mannosylamine 2: 3: 4: 6-tetrabenzoate, m. p. 133—134°, [a]}* —125-6° (c, 0-8 
in chloroform) (Found: C, 71:9; H, 5-1; N, 2-2. C,y,H;,O,N requires C, 71:8; H, 5-1; 
N, 2-1%). 

N-p-Tolyl-p-xylosylamine Tribenzoate.—Benzoy] chloride (0-8 ml., 3-5 mol.) was dropped into 
a solution of N-p-tolyl-p-xylosylamine (0-5 g., 1 mol.) in pyridine (8 ml.) kept at 0°. 
The mixture was left at 0° for 15 minutes and then poured into well-stirred ice-water. The 
white paste, treated as described in the previous experiment, yielded crude crystals (2-0 g., 
86%) which were recrystallized from ethanol, giving N-p-tolyl-p-xylosylamine 2 : 3 : 4-tribenzoate, 
m. p. 180—181°, [a]? +48-3° (c, 0-6 in chloroform) (Found: C, 72:1; H, 5-5; N, 2-8. 
C,;H,,O;N requires C, 71:9; H, 5-3; N, 2-5%). 
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Benzoylation of N-Phenylglucosylamine.—Attempts to benzoylate N-phenyl-p-glucosylamine 
(1 mol.) with benzoyl chloride (5 mol.) in pyridine at 0° for reaction times varying from 
15 minutes to 3 hours, gave, each time, benzanilide, identified by m. p. and mixed m. p. 159— 
160°, [%}p +-0° (in chloroform), as the only solid product. 

Benzoylation of N-Phenyl-p-ribosylamine.—Benzanilide was also obtained on treatment of 
N-phenyl-p-ribosylamine B (1 mol.) in pyridine with benzoyl chloride (4 mol.) at 0° for 10— 
90 minutes or at — 18° for 20 minutes. 

Hydrolysis of N-p-Tolyl-p-glucosylamine Tetrabenzoate.—(a) The method used for removing 
the amine group of acetates (see above) was tried, but, after 5 hours’ refluxing, unchanged 
material was recovered. 

(6) A solution of N-p-tolyl-p-glucosylamine tetrabenzoate (1 g.) in acetone (25 ml.) was 
boiled under reflux with dilute hydrochloric acid (2 ml. of concentrated acid in 25 ml. of water) 
for 5 hours. The acetone was distilled off and the aqueous solution was extracted with 
chloroform. The extract was washed with water, dried, filtered, and evaporated, leaving 
crystals (0-7 g., 80%). Recrystallization from ethanol-light petroleum gave 2:3: 4: 6- 
tetrabenzoyl p-glucose, m. p. 114—116°, [«}}$ +90-1° (c, 0-2 in chloroform), [a]}* +73-4° (c, 0-4 
in ethanol). Fischer and Noth (loc. cit.) record m. p. 119—120°, [«]}? +-70-6° (c, 5-0 in ethanol), 
for this compound. 

Hydrolysis of N-p-Tolyl-p-mannosylamine Tetrabenzoate.—This compound (1 g.) was boiled 
with acetone (50 ml.), water (25 ml.), and concentrated hydrochloric acid (2 ml.) for an hour. 
The product, isolated as in the above preparation, was recrystallized from ethanol to give 
mannose 2:3: 4: 6-tetrabenzoate (0-5 g., 60%), [a]}? —88° (c, 0-5 in chloroform) and m. p. 
178—179°, undepressed on admixture with an authentic sample, m. p. 182—184°, supplied by 
Dr. H. G. Fletcher {Ness, Fletcher, and Hudson, Joc. cit., record m. p. 182—184°, [a]?? —82-6° 
(c, 1-04 in chloroform)}. 

Hydrolysis of N-p-Tolyl-p-xylosylamine Tribenzoate.—This compound (1 g.), hydrolysed as 
above, gave crystals (0-6 g., 76%) which were recrystallized from ethanol and then from benzene. 
The product was xylose 2: 3: 4-tribenzoate, m. p. 183—184°, undepressed on admixture with 
a sample, [a]? +25-5° (c, 2-0 in chloroform), m. p. 181—183°, prepared by Major and 
Cook’s method, and supplied by Dr. H. G. Fletcher (Found: C, 67-4; H, 4-4. Calc. for 
CygH,.0,: C, 67-5; H, 48%). Major and Cook (loc. cit.) record for xylose tribenzoate, m. p. 
188—189°, [«]7? +-39-5° (c, 2 in chloroform). 

N-Phenyl-p-glucosylamine Tetramethyl Ether.—(i) (cf. Irvine and Moody, loc. cit.; Pringsheim 
and Steingréver, loc. cit.). A solution of 2:3: 4: 6-tetramethyl D-glucose (7 g., 1 mol.) in 
ethanol (15 ml.) was refluxed with aniline (7 g., 2-3 mol.) for 4 hours. The cooled solution, 
which contained crystals, was steam-distilled for 15 minutes. The crude crystals (8-1 g., 88%) 
which remained were identified after recrystallization from aqueous ethanol as N-phenyl-a-p- 
glucosylamine 2 : 3: 4: 6-tetramethyl ether, m. p. 133—135°, [«]}? +227-8°——» +57-5° (c, 1-6 
in methanol). 

(ii) A solution of 2: 3: 4: 6-tetramethyl p-glucose (3 g., 1 mol.) in ethanol (8 ml.) containing 
aniline (3 g., 2-3 mol.) was kept at room temperature for 2 days. The crystals (2-8 g., 71%) 
obtained had m. p. 134—135°, [a]}> +224-3° —» +65-5° (c, 1-8 in methanol), [«]}!§ +240-0° 
(c, 1-1 in acetone), {«]}8 +238-8° (c, 0-6 in chloroform), and were identical with those from (i). 

(iii) Tetramethyl p-glucose (2-4 g., 1 mol.) was converted into tetramethyl-p-glucopyranosy] 
bromide (which was not isolated) by Wolfrom and Husted’s method (J. Amer. Chem. Soc., 1937, 
59, 2559). The bromide was dissolved in chloroform containing aniline (3 ml., 3 mol.) and kept 
in the refrigerator for 10 days. Steam-distillation left crude crystals (0-7 g., 28%) of N-phenyl- 
a-D-glucosylamine 2 : 3: 4: 6-tetramethyl ether, m. p. 112—127°, [«]}§ +190° (c, 0-9 in acetone). 

(iv) A solution of N-phenylglucosylamine (5 g., 1 mol.) in warm water (30 ml.) was 
methylated under mild conditions with methyl sulphate (92 ml., 40 mol.) and sodium hydroxide 
solution (26%). The reaction was started at room temperature by slowly dropping in equal 
quantities of methyl sulphate and sodium hydroxide solution. After 45 minutes the 
temperature was raised to 30° and then to 40° during the following 2 hours. The addition of 
reagents was completed in 5 hours and the temperature was slowly raised to 50—55° for an 
hour. On cooling, the reaction mixture was diluted with water and extracted with chloroform. 
The extract, after being washed with water, dried, and filtered, was evaporated and gave crude 
crystals (1-3 g., 25%) which were recrystallized from ethanol, to yield N-phenyl-«-p-glucosyl- 
amine 2: 3:4: 6-tetramethyl ether, m. p. 133—135°, [«}}? +206-3° (c, 1-0 in chloroform). 

Mutarotation. <A solution of this compound, m. p. 133—135°, [a]}® +227-8° (initial value) 
in methanol (25 ml.) was kept until its specific rotation was constant. The solution, allowed to 
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evaporate slowly at room temperature, deposited colourless needles, m. p. 130—135°, [a}}? 
+217-0° (c, 0-5 in methanol, initial value). 

N-p-Tolyiglucosylamine 2: 3:4: 6-Tetvamethyl Ether.—(i) A solution of 2:3: 4: 6-tetra- 
methyl D-glucose (3 g., 1 mol.) and p-toluidine (3 g., 1-2 mol.) in ethanol (12 ml.) was left at 
room temperature for 7 days. The precipitated crystals (3-7 g., 89%) were recrystallized 
from ethanol to give N-p-tolylglucosylamine 2: 3: 4: 6-tetramethyl ether, m. p. 151—152°, 
[a]? +221-4° —-> +60-0° (c, 0-5 in methanol), [a}}® +207-0° (c, 1-0 in chloroform). Irvine 
and Hynd (J., 1911, 99, 161) record for this compound m. p. 144°, [«]?? +156-5° —-» +653-5° 
(c, 1-1 in methanol). 

(ii) N-p-Tolylglucosylamine (5 g., 1 mol.) was methylated in the way described for N-phenyl- 
glucosylamine above. The product (2 g., 33%) was the 2:3: 4: 6-tetramethyl ether, m. p. 
143—144°, [«]}? +200-0° —-» +58-8° (c, 0-2 in methanol). Kuhn and Dansi give m. p. 147— 
150°, [«]p +163° (initial value in methanol). 
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382. Xanthones and Thioxanthones. Part IV. The Preparation and 
Properties of 9-Oxa-1-aza-anthrone and 9-Thia-1-aza-anthrone. 


By FREDERICK G. MANN and (Mrs.) J. A. REID. 


The preparation of the intermediate 2-chloronicotinic acid and of 9-oxa-1- 
aza-anthrone has been improved, and the former has also been utilised for the 
preparation of 9-thia-l-aza-anthrone. The general properties and chemistry 
of these two anthrones have been studied, and the 8-carboxylic acid of the 
thia-aza-anthrone has been synthesised. 


In Part III * a brief description was given of the condensation of 2-chloronicotinic acid (I) 
with sodium phenoxide, to give 2-phenoxynicotinic acid, which on treatment with phos- 
phorus oxychloride underwent cyclisation to form 9-oxa-l-aza-anthrone (II). It was 
essential however to improve the preparation of the acid (I) before further work on these 
lines could be profitably undertaken. In the earlier work, 2-aminonicotinic acid was 
prepared from quinolinic imide : we now find it far better to start with quinolinic anhydride, 
which is converted by gaseous ammonia into 2-carbamylnicotinic acid (Fibel and Spoerri, 
J. Amer. Chem. Soc., 1948, 70, 3908), which in turn by the Hofmann reacfion furnishes 
2-aminonicotinic acid (Philips, Annalen, 1895, 288, 253). Furthermore, modifications in 
the diazotisation of this acid have now greatly improved the yield of 2-hydroxynicotinic 
acid, the precursor of the chloro-acid (I). Our overall yield of the acid (I) from the 
anhydride is now 30%, whereas that from the imide was only 8%. We have moreover 
considerably improved the conversion of the acid (I) into the oxa-aza-anthrone (II), supplies 
of which in consequence are now reasonably readily available. 


g CO,H 
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It is noteworthy that 2-chloronicotinic acid would not undergo condensation with the 
sodium derivative of thiophenol, similar to that with sodium phenoxide, considerable 
decomposition occurring when the two compounds were heated together. When however 
the acid was heated with free thiophenol under appropriate conditions, condensation 
occurred with the formation of 2-3’-carboxypyridyl phenyl sulphide (III): this con- 


* Part III, J., 1951, 761. 
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densation apparently occurs only in acid media. The acid (III) when heated with phos- 
phorus oxychloride underwent cyclisation to the hitherto unknown 9-thia-l-aza-anthrone 
(IV). It should be emphasised that success in the last two stages of this synthesis, as in 
the parallel stages in the synthesis of (II), is dependent on a very delicate control of the 
experimental conditions. 

The chemical properties of both the oxa-aza-anthrone (II) and the thia-aza-anthrone 
(IV) have now been investigated. The basic properties of the thia-aza-anthrone (IV), 
although weak, are stronger than those of the oxa-analogue (II): for example, a solution 
of the former in hydrochloric acid, when evaporated to dryness at room temperature, gave 
the hydrochloride of the thia-aza-anthrone, whereas a similar solution of the oxa-aza- 
anthrone when thus treated gave the oxa-aza-anthrone itself. Solutions of each anthrone 
in hydrochloric acid on treatment with chloroplatinic acid deposited chloroplatinates, but 
these salts, like the above hydrochloride, readily dissociated in water. The oxa-aza- 
anthrone however when heated with methyl toluene-f-sulphonate underwent quatern- 
isation, and the product could readily be converted into the methiodide and the metho- 
picrate. The thia-aza-anthrone behaved similarly, but the constitution of the product 
is uncertain, since combination with the methyl group might occur at either the nitrogen 
or the sulphur atom. The general similarity between the metho-salts obtained from the 
two compounds indicated that in the thia-compound (IV), true quaternisation on the 
nitrogen atom had also occurred: but it must be emphasised that the sulphur atom in 
(IV) is not generally inactive, since hydrogen peroxide in acetic acid yielded the corre- 
sponding sulphone. Although in the quaternisation experiments the thia-aza-anthrone 
was heated with an excess of methyl toluene-p-sulphonate, no indication of the addition 
of two molecules of the latter was obtained: this was expected, because the positive pole 
arising from the union with the first molecule of the sulphonate, whether on the nitrogen 
or the sulphur, would almost certainly inactivate the neighbouring hetero-atom (cf. Mann 
and Watson, J. Org. Chem., 1948, 13, 502). 

Both the oxa- and the thia-aza-anthrone were reduced to the corresponding anthranols 
(as V) when treated in ethanolic solution with mercury and sodium (cf. Oehlschlaeger and 
MacGregor, J. Amer. Chem. Soc., 1950, 72, 5332). When the oxa-aza-anthranol (V) was 
treated with acids, the composition of the products showed that salt formation had 
occurred, not by neutralisation at the tertiary nitrogen atom, but by the molecule’s acting 
as a true xanthhydrol, 7.e., the salts were of composition (VI; X = acid radical). The 
cation in such salts will clearly be a resonance hybrid having more canonical forms than 
the unsubstituted xanthhydrylium cation, since the positive charge in (VI) can be carried 


by carbon atoms 2, 4, 5, 7, or 10 or by the oxygen or nitrogen atom (cf. Mann and Turnbull, 
J., 1951, 757). 
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We have synthesised 9-thia-l-aza-anthrone-8-carboxylic acid (VIII; R =H) as one 
of a series of substituted derivatives of (IV) which we are preparing for therapeutic ex- 
amination. The acid (I) condensed with thiosalicylic acid under special conditions to give 
2-carboxyphenyl! 2-3’-carboxypyridy] sulphide (VII; R = H), but all attempts to cyclise 
this acid to the required anthrone (VIII; R =H) failed. The constitution of this acid 
was not in doubt however, since treatment of it with phosphorus oxychloride followed by 
methanol gave a dimethyl ester which was identical with that obtained by the condensation 
of methyl chloronicotinate with methyl thiosalicylate. Moreover, the chloro-acid (I) also 
condensed with methyl thiosalicylate to give 2-carbomethoxypheny] 2-3’-carboxypyridyl 
sulphide (VII; R = Me), m. p. 167—168°, and the latter on gentle hydrolysis furnished 
the same acid (VII; R =H). The methyl ester (VIL; R = Me) when boiled with phos- 
phorus oxychloride underwent cyclisation to methyl 9-thia-l-aza-anthrone-8-carboxylate 
(VIII; R = Me), m. p. 194—195°, which on hydrolysis gave the free acid (VIII; R = H), 








[1952] Xanthones and Thioxanthones. Part IV. 2059 


m. p. 348—349°. The remarkably high m. p. of this acid indicated that it probably exists 
as the zwitter-ion (1X). 
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The above condensation of the chloronicotinic acid (I) with methyl thiosalicylate, in 
addition to furnishing the colourless ester (VII; R = Me), gave as a by-product a bright 
yellow compound C,,H,O,NCIS. When treated with sulphuric acid this evolved hydrogen 
chloride, and when heated with water readily gave the colourless acid (VII; R= H), 
although the corresponding methyl ester (VII; R = Me) was virtually unaffected by water 
or even very dilute hydrochloric acid under these conditions. The yellow compound was 
converted by cold methanol into the methyl ester (VII; R = Me) and conversely the latter 
when heated with methyl thiosalicylate or diphenyl ether in the presence of hydrogen 
chloride regenerated the yellow product. 


(Xa) 


These properties afford considerable evidence that the yellow compound is l-carboxy- 
9-thia-4a-aza-anthronium chloride, a compound in which the cation will have the two 
canonical forms shown in (Xa and b) and hence would almost certainly be coloured. This 
novel structure, if correct, must clearly involve a very reactive N-C linkage in the central 
ring, since this bond is so readily broken by water and methanol (with loss of hydrogen 


chloride) to form the acid and the methyl ester (VII; R = H and Me respectively). In 
this respect it is comparable to the similar group in an N-acylpyridinium salt. 

The compounds (II) and (IV) and certain of their derivatives are being tested as pos- 
sible drugs for treatment of schistosomiasis and of amoebic infections ; initial tests carried 
out by Mr. O. D. Standen at the Wellcome Laboratories of Tropical Medicine indicate 
that (II) and (IV) have no significant effect on schistosomiasis infections. 


EXPERIMENTAL 

The following preparation of 2-chloronicotinic acid embodies various improvements on 
published methods. 

2-Carbamylnicotinic Acid.—A solution of quinolinic anhydride (27 g.) in ethyl methyl ketone 
(370 c.c.) was treated with an excess of gaseous ammonia (Fibel and Spoerri, loc. cit.). The 
copious white precipitate was collected; the bulk of it was soluble in water and complete dis- 
solution was obtained by adding a small quantity of ammonia solution. 2-Carbamylnicotinic 
acid (17 g.), m. p. 172° (decomp.), was precipitated by acidification of the solution with sulphur 
dioxide. 

2-Aminonicotinic Acid.—The foregoing acid (18 g.) was added with stirring to a solution 
at 0° of bromine (7-65 c.c.) and sodium hydroxide (32 g.) in water (350 c.c.). The solution thus 
obtained was stirred at 0° for 5 minutes, at room temperature for 10 minutes, and at 70—75° 
for 1 hour. The cooled solution was neutralised with concentrated hydrochloric acid and then 
acidified to pH 5-0 with acetic acid. The mixture was stirred at 0° for 1 hour; the solid was 
then collected and when once crystallised from water gave 2-aminonicotinic acid (11 g.), m. p. 
297° (decomp.). 

2-Hydroxynicotinic Acid.—2-Aminonicotinic acid (10 g.) was diazotised essentially according 
to Mann and Turnbull (Joc. cit.) but the yield was considerably increased by using 7-5 g. of sodium 
nitrite. 2-Hydroxynicotinic acid (10 g.), m. p. 253—255° (decomp.) (inserted at 230°), was 
obtained. 

2-Chloronicotinic Acid.—This was prepared from 2-hydroxynicotinic acid according to Fibel 
and Spoerri (/oc. cit.). 
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9-Oxa-1-aza-anthrone (I1).—A mixture of 2-phenoxynicotinic acid (0-7 g.) and phosphorus 
oxychloride (14 c.c.) was heated under reflux at 130—140° for 90 minutes and then cooled and 
diluted with light petroleum (b. p. 40—60°) (50 c.c.). The crude anthrone separated as a 
brown oil which when triturated in turn with light petroleum (2 x 25c.c.) and with dilute sodium 
carbonate solution formed a pale brown solid (0-6 g.), m. p. 178°, which was collected, washed 
with water, dried, and sublimed under reduced pressure. The pale yellow sublimate (0-57 g.), 
m. p. 181—182°, when recrystallised from ethanol, gave the pure anthrone (II) as needles, 
m. p. 182—183°. It gave a pale yellow solution in concentrated sulphuric acid. Its 
solution in concentrated hydrochloric acid on dilution with water, or on evaporation to dryness 
in vacuo at room temperature, deposited the free base (Found: N, 7-0. Calc. for C,,H,O,N : 
N, 7-1%). But when an ethereal solution of the base was treated with hydrogen chloride a 
white solid separated which rapidly decomposed on exposure to moist air. A solution of the 
anthrone in 20% hydrochloric acid when added to a solution of chloroplatinic acid deposited a 
yellow chloroplatinate, which however when treated with water readily regenerated the anthrone. 

A mixture of the anthrone (II) and methyl toluene-p-sulphonate (10 parts by wt.) was heated 
at 150—160° for 2 hours and then at 170° for 2 hours. After cooling, the mixture was extracted 
thrice with ether; the oily undissolved residue was taken up in ethanol and treated with 
ethanolic sodium iodide. After 30 minutes at room temperature, the precipitated methiodide 
was collected and recrystallised from methanol, forming golden-yellow needles, m. p. 206° 
(decomp.) (after cooling it remelted at 182—183°) (Found: C, 46-3; H, 3-15. C,;H,,O,NI1 
requires C, 46-05; H, 2-95%). 

The above ethanolic solution of the methotoluene-p-sulphonate when treated with ethanolic 
sodium picrate deposited the methopicrate, which from methanol formed pale yellow crystals, 
m. p. 197—198° (Found: C, 51-6; H, 2-65. Cy gH,,O,N, requires C, 51-8; H, 2-75%). 

9-Oxa-1-aza-anthran-10-ol (V).—Sodium (0-12 g.) was added to a mixture of the anthrone 
(II) (0-2 g.), ethanol (3 c.c.), and mercury (10 g.) during 15 minutes with vigorous shaking, the 
temperature being kept at ca. 40°. After a further 15 minutes’ shaking, the ethanolic solution 
was separated and the amalgam washed with hot ethanol. The combined ethanolic solutions 
were filtered, concentrated to 2 c.c., and diluted with water (10 c.c.), The anthranol was 
collected and recrystallised successively from benzene and water, to give white crystals, m. p. 
149-5—150° (decomp.) (inserted at 140°) (Found: C, 72-6; H, 4:7. C,,H,O,N requires C, 
72-35; H, 455%). It gave a yellow colour with concentrated sulphuric acid. A hot aqueous 
solution was added to a solution of chloroplatinic acid; the chloroplatinate dihydrate separated 
as a yellow solid (Found: C, 35-85; H, 2-7; Pt, 24:15. C gH,,0,N,Cl,Pt,2H,O requires C, 
35-6; H, 2-5; Pt, 24-15%), which when dried at 100°/0-1 mm. gave the anhydrous salt (Found : 
C, 37-3; H, 2-5; Pt, 25-4. C,,H,,0O,N,Cl,Pt requires C, 37-3; H, 2-1; Pt, 25-4%). 

2-3’-Carboxypyridyl Phenyl Sulphide (III).—A mixture of 2-chloronicotinic acid (1-57 g.) 
and thiophenol (2 c.c.) was heated at 140° until it effervesced and a clear solution was obtained ; 
heating was then continued at 185—190° for 1 hour. The mixture, which solidified on cooling, 
was dissolved in sodium hydrogen carbonate solution and then extracted with ether. The 
aqueous layer, when acidified with glacial acetic acid, deposited the sulphide (1-58 g.), m. p. 
170—171°, which was collected after 1 hour and recrystallised from carbon tetrachloride, 
forming colourless plates, m. p. 171—171-5° (Found: C, 62-65; H, 3-65; N, 6-2. C,,H,O,NS 
requires C, 62-3; H, 3-9; N, 6-05%). 

9-Thia-1-aza-anthrone (IV).—A mixture of the sulphide (III) (1 g.) and phosphorus oxy- 
chloride (20 c.c.) was heated under reflux at 130—140° for 2 hours. The dark red-brown 
solution, from which a small amount of oil had separated, was cooled and treated with light 
petroleum (b. p. 40—60°) as in the preparation of 9-oxa-l-aza-anthrone. The pale brown solid 
(0-6 g.), m. p. 227—229°, was sublimed at 180°/2 mm., and the 9-thia-l-aza-anthrone thus ob- 
tained was then recrystallised from ethanol, forming white needles, m. p. 234° (Found: C, 
67-55; H, 3-45; N, 6-65. C,,H,ONS requires C, 67-6; H, 3-3; N, 65%). The anthrone gave 
a yellow solution both in concentrated hydrochloric acid and in sulphuric acid. A solution in 
hydrochloric acid was evaporated to dryness in vacuo at room temperature: the hydrochloride 
separated as long pale yellow needles (Found: N, 5-45. C,,H,ONS,HCI requires N, 5-6%), 
which when treated with water deposited the thia-aza-anthrone. A solution of the anthrone 
in 20% hydrochloric acid when added to chloroplatinic acid gave a yellow precipitate which was 
similarly unstable to water. 

The methiodide was prepared precisely as the oxa-analogue, and crystallised from methanol 
as orange needles, m. p. 234° (previous darkening) (Found: C, 44:1; H, 2-7. C,,H,jONIS 
requires C, 43:95; H, 2-85%). 
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The methopicrate, prepared as the analogous oxa-compound, separated from methanol as 
yellow crystals, m. p. 216—217° (Found: C, 50-3; H, 3-0; N, 12:2. C,.H,,0O,N,S requires 
C, 49-8; H, 2-65; N, 12-2%). 

9-Thia-l-aza-anthrone 9: 9-Dioxide.—A suspension of 9-thia-l-aza-anthrone (0-1 g.) in 
glacial acetic acid (2 c.c.) and 30% hydrogen peroxide (0-4 c.c.) was set aside at 40° for 48 hours ; 
after 8 hours and after a further 20 hours more hydrogen peroxide (2 x 0-1 c.c.) was 
added. The mixture was then cooled and the sulphone, m. p. 258—259°, collected; it separated 
from ethanol as white needles, m. p. 263—263-5° (Found: C, 59-0; H, 3-05; N, 5-8. 
C,,.H,O;NS requires C, 58-75; H, 2:9; N, 5:7%). This compound is considered to be the 
sulphone and not the isomeric amine-oxide sulphoxide because: (i) Although a tertiary 
aliphatic amine can usually be converted into an amine oxide by hydrogen peroxide, the 
tertiary nitrogen atom in an “aromatic’”’ ring usually requires peracetic, perbenzoic, 
or perphthalic acid for a similar oxidation (cf. Meisenheimer, Ber., 1926, 59, 1848; Mamalis 
and Petrow, J., 1950, 703). (ii) The N-»O link has marked polar properties, and conse- 
quently tertiary amine oxides unite readily with acids, e.g., with hydrogen chloride to give a 
hydroxychloride : sulphoxides have similar (although less marked) properties, and often 
combine, ¢.g., with nitric acid to give compounds of type [R,S(OH)]NO,; our compound 
however was unchanged when treated with hydrochloric acid or with picric acid. (iii) The fact 
that the thia-aza-anthrone (IV) will not combine with 2 mols. of methyl toluene-p-sulphonate 
is strong evidence that the nitrogen and the sulphur atom cannot both increase their normal 
valency state. It is probable therefore that the initial action of the hydrogen peroxide is to 
convert the sulphide into a sulphoxide group, a process which deactivates the nitrogen while 
allowing further oxidation to a sulphone to occur. 

Spectroscopic confirmation of these conclusions has been obtained by Dr. N. Sheppard, who 
has kindly provided the following report. ‘‘ The most reliable method of distinguishing between 
the sulphone and the isomeric amine oxide sulphoxide by infra-red spectroscopic means is to 
examine the spectra for the absorption bands of sulphone or sulphoxide groups. Sulphones 
with normal aliphatic or aromatic groups usually have strong absorption bands in the regions 
of 1340—1295 and 1160—1120 cm.-, whereas sulphoxides exhibit a single strong absorption 
band between 1060 and 1030 cm.-! (Barnard, Fabian, and Koch, J., 1949, 2442). Tertiary 
amine oxide groups do not seem to have been so reliably characterised by infra-red means. 

“ The spectrum of the substance was investigated in the region 1500—1000 cm.“ as a mull 
in “‘ Nujol,” with a Hilger D209 double-beam infra-red spectrometer. Apart from the ‘‘ Nujol” 
absorption band near 1460 cm.-, the two strongest bands in the spectrum occurred at 1315 and 
1165cm.. The former falls well in the region to be expected for sulphone groups and the latter 
is just outside the region characteristic of simpler molecules containing this group. No 
absorption band of appreciable strength occurred in the usual sulphoxide region from 1060 to 
1030 cm.+, the nearest absorption being a band of medium strength at 1067 cm.-? which was 
several times weaker than either of the above two absorption bands. This spectroscopic 
evidence thus strongly favours the formulation of the compound as a sulphone rather than a 
sulphoxide.” 

9-Thia-1-aza-anthran-10-ol (as V).—The reduction of 9-thia-l-aza-anthrone was performed 
similarly to that of 9-oxa-l-aza-anthrone except that 4 times the quantities of sodium, mercury, 
and ethanol were used, the reaction mixture being finally boiled under reflux for 10 minutes. 
The anthranol was crystallised in turn from benzene and water, forming a white solid, m. p. 
147—148° (decomp.) (inserted at 130°) (Found : C, 66-8; H, 3-95. C,,H,ONS requires C, 66-95; 
H, 4-2%). It gave an orange-red colour with concentrated sulphuric acid. 

2-Carboxyphenyl 2-3’-Carboxypyridyl Sulphide (V1I; R = H).—(a) Chloronicotinic acid 
(0-7 g.) and thiosalicylic acid (0-7 g.) were intimately mixed in a 150-c.c. conical flask which was 
then plunged into a bath at 170—175° for 6 minutes. The mixture effervesced and formed a 
bright yellow hard solid which was then dissolved in sodium hydrogen carbonate solution. 
Acidification of the solution with hydrochloric acid deposited the sulphide (1 g.), m. p. 186—187°, 
which after 5 hours at room temperature was collected and recrystallised from water, forming 
colourless crystals, m. p. 192—193° (this m. p. was very dependent on particle size and traces of 
water) (Found: C, 56-65; H, 3-25; N, 5-1. C,,;H,O,NS requires C, 56-7; H, 3-3; N, 51%). 

(6) The methyl ester (VII; R = Me) (see below) was hydrolysed by boiling 0-5n-sodium 
carbonate for 30 minutes. The solution, on acidification with hydrochloric acid, gave the 
sulphide (VII; R = H), m. p. 191° (unchanged when mixed with the above specimen). 

Attempted Ring Closure of the Sulphide (VII; R = H).—The sulphide (0-1 g.) and phos- 
phorus oxychloride (3 c.c.) were boiled under reflux for 5 hours. The cold product was diluted 
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with light petroleum (b. p. 60—80°), and the dark oil which separated was then boiled under 
reflux with methanol (7 c.c.) for 30 minutes. The solution was concentrated to small bulk and 
poured into water. 2-Carbomethoxyphenyl 2-3’-carbomethoxypyridyl sulphide separated as 
an oil which slowly solidified and formed colourless crystals, m. p. 76—77° (unchanged when 
mixed with the specimen obtained as below) from light petroleum (b. p. 60—80°). 

Methyl 2-Chloronicotinate.—A solution of 2-chloronicotinic acid (0-5 g.) in methanol (5 c.c.) 
was treated with ethereal diazomethane until there was a faint permanent yellow colour. The 
ether was removed and the oily residue distilled. ,The distillate solidified and was recrystallised 
twice from petroleum (b. p. 45—50°), to give methyl 2-chloronicotinate, m. p. 23° (Found: C, 
49-3; H, 3-65; N, 8-0. C,H,O,NCI requires C, 49-0; H, 3-5; N, 8-15%). 

2-Carbomethoxyphenyl 2-3’-Carbomethoxypyridyl Sulphide.—A solution of methyl 2-chloro- 
nicotinate (0-1 g.) and methyl thiosalicylate (0-2 c.c.) was heated at 170° for 1 hour. The 
product was extracted with hot light petroleum (b. p. 60—80°) (25 c.c.). The extract, on cool- 
ing, deposited an oil which tended to solidify. The petroleum was decanted and the semi-solid 
residue was dissolved in methanol. Addition of water precipitated an oil which slowly solidi- 
fied as needles, m. p. 75—77°. The crystals were collected, washed with water, and recrystal- 
lised twice from light petroleum, to give the sulphide as colourless crystals, m. p. 77—78° 
(Found: C, 59-3; H, 4:4; N, 4:35. C,,H,,0,NS requires C, 59-4; H, 4:3; N, 46%). 

2-Carbomethoxyphenyl 2-3'-Carboxypyridyl Sulphide (VIL; R = Me).—A mixture of 2-chloro- 
nicotinic acid (0-5 g.) and methyl thiosalicylate (1 c.c.), when heated at 170°, rapidly formed a 
clear solution, hydrogen chloride being evolved; a yellow solid gradually separated. After 
30 minutes at 170° the sludge was boiled with benzene (5 c.c.); the bright yellow solid which 
remained undissolved was collected and again extracted with hot benzene (2 x 5 c.c.). The 
combined benzene extracts, on concentration, gave the sulphide (VII; R = Me) (0-5 g.), m. p. 
159—164°, which formed heavy crystals, m. p. 167—168° (decomp.), from benzene (Found : 
C, 58-05; H, 4-1; N, 4:85. C,,4H,,O,NS requires C, 58-1; H, 3-85; N, 4:85%). The sulphide, 
after it had been boiled with water for an hour, had m. p. 160—164°, and after it had been 
boiled with 0-1% hydrochloric acid (1 molecular proportion) for 2 hours had m. p. 158°. 

9-Thia-1-aza-anthrone-8-carboxylic Acid (VIII; R =H).—A mixture of the sulphide 
(VII; R = Me) (0-2 g.) and phosphorus oxychloride (6 c.c.) was heated under reflux at 145— 
155° for 2 hours. Methyl 9-thia-1-aza-anthrone-8-carboxylate (VIII; R = Me) (0-1 g.), m. p. 
189—190° (softening at 183°), was extracted from the reaction mixture by a procedure similar to 
that used for 9-oxa-l-aza-anthrone, and when sublimed and then recrystallised from methanol 
gave white needles, m. p. 194—195° (Found: C, 61-9; H, 3-35; N, 5-25. C,,sH,O,NS requires 
C, 62-0; H, 3-35; N, 5-15%). This ester (0-05 g.) was boiled under reflux with 0-2N-sodium 
hydroxide (2-5 c.c.) for 2 hours, and the hot solution was acidified with acetic acid and cooled. 
9-Thia-1-aza-anthrone-8-carboxylic acid which separated was recrystallised from ethanol, form- 
ing white crystals, m. p. 348—349° (decomp.) (Found: C, 60-5; H, 2-95; N, 5-4. C,,H,O,NS 
requires C, 60-7; H, 2-75; N, 545%). It was insoluble in water and in benzene. 

1-Carboxy-9-thia-4a-aza-anthronium Chloride (Xa-b).—The bright yellow solid, obtained as 
a by-product in the preparation of 2-carbomethoxyphenyl 2-3-carboxypyridyl sulphide (VII; 
R = Me), was purified by extraction with hot dry acetone; its composition was that of 1- 
carboxy-9-thia-4a-aza-anthronium chloride (Found: C, 53:4; H, 30; N, 52; Cl, 12-1. 
C,,;H,O,NCIS requires C, 53-0; H, 2-75; N, 4-75; Cl, 12-05%). The compound was insoluble 
in benzene, acetone, cyclohexanone, cyclohexanol, chloroform, toluene, light petroleum, dioxan, 
or dimethylformamide. The compound reacted with concentrated sulphuric acid with evolu- 
tion of hydrogen chloride, to form a yellow solution which became colourless on dilution with 
water. When boiled with water it rapidly gave a colourless solution which on cooling deposited 
2-carboxyphenyl 2-3’-carboxypyridyl sulphide (VII; R =H) (Found: C, 56-8; H, 42; N, 
8-2%), m. p. 190—191°, unchanged when mixed with the sulphide obtained either by direct 
interaction of chloronicotinic acid with thiosalicylic acid or by hydrolysis of the monomethyl 
ester. Treatment with cold methanol overnight gave 2-carbomethoxyphenyl 2-3’-carboxy- 
pyridyl sulphide (VII; R = Me), m. p. 164—167°, unchanged by admixture with the authentic 
material. The yellow salt was also obtained by treating the methyl ester (VII; R = Me) in 
either diphenyl ether or methyl thiosalicylate with hydrogen chloride at 170°. 


We gratefully acknowledge the spectroscopic investigation carried out by Dr. N. Sheppard, 
the therapeutic tests performed by Mr. O. D. Standen, and a grant provided by the Medical 
Research Council. 
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383. Thermal Cyclization of 0-Aroyloxyacetoarones. Part II.* Further 
Syntheses in the Flavone Series (Diflavones and Flavonols). 
By (Miss) H. M. Lyncu, T. M. O’Too.e, and T. S. WHEELER. 


The method for the preparation of flavones involving thermal cyclization 
of aroyl esters of o-hydroxyacetoarones which was described in Part I (/J., 
1950, 1252) has been applied to the production of “ diflavones ”’ and flavonol 
3-methyl ethers, by using, respectively, esters of 4: 6-diacetylresorcinol and 
of w-methoxyphloroacetophenone. 


DUNNE, GOWAN, KEANE, O’KELLY, O’SULLIVAN, RocHE, RYAN, and WHEELER (Part I *) 
have shown that o-aroyloxyacetoarones yield flavones when heated in glycerol. The 
reaction has now been applied to esters of diacetylresorcinols (I and V), and a synthesis 
of “‘ diflavone’’ (IV; R = Ph) realized. Thus, the dibenzoate of 4 : 6-diacetylresorcinol 
(I; R = Ph) gave a mixture of (IV; R = Ph), insoluble in alkali, and 6-acetyl-7-hydroxy- 
flavone (Il; R = Ph), which is alkali-soluble. Benzoylation of (II; R = Ph) yielded 
6-acetyl-7-benzoyloxyflavone (III), which was converted into (IV ; R = Ph) by dehydration 
in glycerol. As with previous syntheses (Ryan and O’Neill, Proc. Roy. Irish Acad., 1915, 
32, B, 48; Algar, McCarthy, and Dick, ibid., 1933, 41, B, 155; Algar and Hanway, ibid., 
1934, 42, B, 9) the yield of diflavone was poor. Attempts to apply the Baker—Venkatara- 
man transformation (Baker, J., 1933, 1381; Mahal and Venkataraman, Current Sci., 
1933, 2, 214; Doyle et al., Sct. Proc. Roy. Dublin Soc., 1948, 24, 291) to (I; R = Ph) were 
unsuccessful. The di-p-anisoate cf 4: 6-diacetylresorcinol (I; R = ~-C,H,OMe) on 
dehydration in glycerol behaved similarly to the dibenzoate; monocyclization being the 
main reaction. The products were 6-acetyl-7-hydroxy-4’-methoxyflavone (II; R = p- 
C,H,°OMe) and a trace of an alkali-insoluble substance, which was probably “ 4’ : 4”-di- 
methoxydiflavone’’ (IV; R = ~-C,H,OMe) first synthesized by Algar, McCarthy, and 
Dick (loc. ctt.). 
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Gulati and Venkataraman (J., 1931, 2378) obtained by Allan-Robinson benzoylation 
and p-anisoylation of 4 : 6-diacetylresorcinol, products to which they assigned the structures 
(II and IV; R = Ph and #-C,H,°OMe). Later work (Algar, McCarthy, and Dick, Proc. 
Roy. Irish Acad., loc. cit.; Algar and Hanway, ibid., 1934, 42, B, 12; Baker, J., 1934, 72) 
failed to confirm these results. Baker (loc. cit.) pointed out that the melting point (123°) 
recorded by Gulati and Venkataraman for (II; R= Ph) was improbably low for the 
structure assigned. This compound as now obtained melts at 204—207°, and its structure 
is confirmed by its conversion through (III) into (IV; R= Ph). Jhaveri, Khorana, and 
Motiwala (Indian J. Pharm., 1950, 12, 42) state, without details, that they prepared 
(Il; R = Ph) by the method of Gulati and Venkataraman (loc. cit.). Again the melting 
point (160—161°) given by the latter authors for (Il; R = ~-C,H,°OMe) seems low for the 
structure assigned ; a value of 238—241° for crystals with }H,O has now been obtained. 

The dibenzoate (V) of 2 : 4-diacetylresorcinol when subjected to cyclization in glycerol 
gave 6-acetyl-5-hydroxyflavone (VII). Application of the Baker-Venkataraman trans- 
formation reaction to (V) gave a mixture of 3-acetyl-2 : 6-dihydroxydibenzoylmethane 


* The following paper is to be regarded as Part I: J., 1950, 1252. 
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(VI) and (VII); the latter compound was also obtained by cyclization of (VI) in glacial 
acetic acid containing a trace of hydrochloric acid (see Nowlan, Slavin, and Wheeler, /., 
1950, 340). 
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Synthesis of Flavonol 3-Methyl Ethers.—In the earlier work (Part I) it was found that 
w-methoxyresacetophenone dibenzoate yielded 7-hydroxy-3-methoxyflavone on cyclization 
in glycerol, the method thus providing a new synthesis of a flavonol through its 3-methyl 
ether. Methoxyflavones, as is well known, are readily demethylated by hydriodic acid. 
Application of the Baker—-Venkataraman reaction to the dibenzoate gave the same product 
as the cyclization reaction. These results have now been extended, and 5 : 7-dihydroxy- 
3-methoxyflavone (galangin 3-methyl ether) (X; R= Ph), 5: 7-dihydroxy-3 : 4’-di- 
methoxyflavone (kaempferol 3: 4’-dimethyl ether) (X; R = ~-C,H,OMe) and 5: 7- 
dihydroxy-3 : 3’ : 4’-trimethoxyflavone (quercetin 3 : 3’ : 4-trimethyl ether) (X; R = 3:4 
dimethoxyphenyl) have been prepared both by cyclization in glycerol and by the Baker- 
Venkataraman method from #-methoxyphloroacetophenone tribenzoate (VIII; R = Ph), 
tri-p-anisoate (VIII; R = p-C,H,°OMe), and triveratroate (VIII; R = 3 : 4-dimethoxy- 
phenyl) respectively. These flavonol ethers had previously been synthesized by Allan- 
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Robinson aroylation of w-methoxyphloroacetophenone, and demethylated by hydriodic acid 
to the corresponding naturally occurring flavonols (Kalff and Robinson, J., 1925, 127, 
182; Robinson and Shinoda, J., 1925, 127, 1980; Allan and Robinson, J., 1926, 2336). 
An attempt to cyclize in glycerol w : 2: 4 : 6-tetrabenzoyloxyacetophenone (Chavan and 
Robinson, J., 1933, 368) with a view to the production of the flavonol rather than its 
3-methyl ether gave no useful result. 

Contrary to the experience of Dunne ef al. (Part 1) with the tribenzoate of phloro- 
acetophenone and the monobenzoate of its 4 : 6-dimethyl ether, cyclization in glycerol of 
the esters of e-methoxyphloroacetophenone proceeded smoothly. This result is in accord- 
ance with the suggestion made in Part I that the reaction involves a thermally produced 
Baker-Venkataraman transformation, and so requires the removal of a proton from C;,) 
of (VIII; =III in J., 1950, 1253). The separation of the proton is facilitated by the in- 
ductive (—J) effect of the methoxyl group. 
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Yields of flavonol ethers (X; R = Ph, #-C,H,-OMe, or 3 : 4-dimethoxypheny]) of the 
same order were obtained by the glycerol cyclization, Allan—Robinson, and Baker- 
Venkataraman methods, but the products of the last reaction were easiest to purify. As 
with w-methoxyresacetophenone dibenzoate (Part I), the intermediate diketone (IX) 
formed in the base-catalysed Baker-Venkataraman transformation cyclized on formation. 
This cyclization of a diketone to a flavone is, as indicated in (IX) (see Nowlan et al., loc. cit.), 
probably equivalent to the esterification of an acid by a phenol and is therefore facilitated 
by the increase in the cationoid activity of C;,,) effected by the methoxyl group attached to 
Cig) of (IX). 

The reaction mechanism for glycerol cyclization suggested in Part I (loc. cit.) also 
receives support from an observation by Mahal and Venkataraman (Venkataraman, 
personal communication; Mahal, Thesis, Punjab Univ., 1936; Venkataraman, Proc. 
Nat. Inst. Sci. India, 1939, 5, 255) that the dibenzoate of w-methoxyresacetophenone when 
distilled under reduced pressure gave a crude product, probably the corresponding di- 
benzoylmethoxymethane, which on treatment with concentrated sulphuric acid (cf. Baker, 
J., 1933, 1382) yielded 7-hydroxy-3-methoxyflavone. It has now been found that - 
methoxyphloroacetophenone dibenzoate (VIII; R = Ph) gives, when similarly treated, 
5 : 7-dihydroxy-3-methoxyflavone (X; R = Ph),* 


EXPERIMENTAL 


M. p.s are uncorrected. Analyses are by Drs. Weiler and Strauss, Oxford. 

Preparation of 6-Acetyl-7-hydvroxyflavone (Il; R = Ph) and Diflavone [6’ : 6’-Diphenyl- 
dipyrono(2’ : 3’-1 : 2)(3” : 2”-4: 5)benzene] (IV; R = Ph).—A solution of 4 : 6-diacetylresorcinol 
dibenzoate (I; R = Ph) (Baker, J., 1934, 72) (1 g.) in glycerol (10 ml.; twice distilled at 1 mm.) 
was heated in an atmosphere of dry nitrogen for 3 hours at 230°, and while still warm was 
poured into water (30 ml.). The mixture was extracted with chloroform, and the aqueous 
layer discarded. The chloroform solution was extracted four times with aqueous sodium 
hydroxide (2%), and the combined alkaline extracts were acidified with dilute hydrochloric 
acid. 6-Acetyl-7-hydroxyflavone which separated had m. p. 204—207° on crystallisation from 
ethanol (0-15 g.) (Found: C, 72-4; H, 4-4. C,,H,,O, requires C, 72-9; H, 4:3%). 

The chloroform solution which had been extracted with aqueous alkali was washed with 
dilute acid and with water and dried (Na,SO,). The residue obtained on removal of the solvent 
separated from toluene in pale-yellow crystals, m. p. 278° (0-05 g.). This m. p. was not depressed 
by mixture with an authentic sample of diflavone kindly supplied by Professor Algar (see Algar, 
McCarthy, and Dick, Proc. Roy. Irish Acad., 1933, 41, B, 155) (Found: C, 78-2; H, 4-0. Calc. 
for C,,H,,0O,: C, 78-7; H, 3-8%). The product showed in sulphuric acid solution the charac- 
teristic bright blue fluorescence first described for diflavone by Ryan and O'Neill (Proc. Roy. 
Irish Acad., 1915, 32, B, 55). 

Cyclization of 6-Acetyl-7-benzoyloxyflavone (III) to Diflavone.—6-Acetyl-7-hydroxyflavone 
was converted by the pyridine—acid chloride method (Doyle et al., Sci. Proc. Roy. Dublin Soc., 
1948, 24, 299) into 6-acetyl-7-benzoyloxyflavone (Found: C, 74:8; H. 4:5. C,,H,,O, requires 
C, 75-0; H, 42%), which separated from ethanol in crystals, m. p. 177—178°. A solution of the 
ester (0-2 g.) in distilled glycerol (4 ml.) was heated in a current of nitrogen for 3 hours at 230° 
and poured into water. The mixture was kept at 0° for 2 hours and extracted with chloroform. 
The extract was dried (Na,SO,) and the solvent evaporated. The trace of residue had m. p. 
278°, not depressed by admixture with an authentic sample of diflavone. 

Preparation of 6-Acetyl-7-hydroxy-4'-methoxyflavone (II; R = p-C,H,OMe).—4: 6-Di- 
acetylresorcinol di-p-anisoate (I; R = p-C,H,°OMe), prepared by the pyridine—acid chloride 
method, had m. p. 138—140° when crystallized from ethanol (Found: C, 67-4; H, 4-8. 
C,,H,,0, requires C, 67-5; H, 4.8%). It was heated in distilled glycerol (10 parts) for 1 hour 
in a nitrogen atmosphere at 250°, and the solution poured into water (30 parts). The material 
soluble in chloroform was divided into alkali-soluble and alkali-insoluble fractions as 
described above for 6-acetyl-7-hydroxyflavone and diflavone. 6-Acetyl-7-hydroxy-4'-methoxy- 
flavone, which was soluble in alkali, separated from ethanol in crystals, m. p. 238—241° (0-1 g. 


* The authors are indebted to Dr. K. Venkataraman, who kindly informed them on publication 
of Part I of the distillation experiment which was made in 1934 in his laboratory in Lahore. His review 
paper in Proc. Nat. Inst. Sct. India, cited above, which mentioned this result was not abstracted in 
detail in Chem. Abs. (see 1940, 34, 764). 
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from 1 g. of ester) (Found: C, 68-2; H, 4:5. C,,H,,0;,4H,O requires C, 67-7; H, 4:7%). 
Flavones frequently retain water of crystallization (see Bernfeld and Wheeler, /., 1949, 1918). 

A trace of material was not extracted by alkali from solution in chloroform. It separated 
from aqueous acetic acid in pale-yellow crystals, m. p. 318—320° (0-007 g. from 1 g. of ester), 
and exhibited a yellow-green fluorescence in sulphuric acid solution. 6’ : 6”-Di-p-methoxy- 
phenyldipyrono-(2’ : 3’-1 : 2)(3” : 2-4: 5)benzene (4’: 4’’-dimethoxydiflavone) (IV; R = p- 
C,H,°OMe) forms colourless crystals, m. p. 321—322°, and gives a green fluorescence in sulphuric 
acid solution (cf. Algar, McCarthy, and Dick, loc. cit.). 

Preparation of 6-Acetyl-5-hydvroxyflavone (VII).—A solution of 2: 4-diacetylresorcinol 
dibenzoate (V) (Baker, J., 1934, 1954) (1 g.) in glycerol (5 ml.) was heated at 200° for 5 hours 
and poured into water (15 ml.). The product was collected and recrystallized from aqueous 
dioxan. It separated in pale-yellow crystals, m. p. 201° (0-5 g.), not depressed by mixture with 
an authentic specimen of 6-acetyl-5-hydroxyflavone prepared by the action of ethanolic potas- 
sium acetate on 2: 4-diacetylresorcinol dibenzoate (Baker, loc. cit.). This reaction involves, 
probably, a Baker-Venkataraman transformation. 

Baker—Venkataraman Transformation of 2: 4-Diacetylresorcinol Dibenzoate.—A solution of 
the ester (4 g.) in pyridine (15 ml.) was heated with ethyl sodioacetoacetate (4 g.) on the steam- 
bath for 2 hours and the product when cold was treated with aqueous sodium hydroxide (100 ml. ; 
5%). The resulting precipitate was collected and washed with water, the washings being added 
to the alkaline filtrate. The washed solid on crystallization (0-3 g.) from aqueous dioxan did 
not depress the m. p. of an authentic sample of 6-acetyl-5-hydroxyflavone (Found: C, 72-4; 
H, 4:2. Cale. for C,,;H,,0,: C, 72-9; H, 4:3%). 6-Acetyl-5-hydroxyflavone is insoluble in 
dilute aqueous sodium hydroxide (Baker, /oc. cit.). 

The alkaline filtrate from the transformation reaction mixture was acidified with con- 
centrated hydrochloric acid. 3-Acetyl-2 : 6-dihydroxydibenzoylmethane (VI), which separated, 
formed yellow crystals (0-3 g.), m. p. 135—137°, on crystallization from ethanol (Found: C, 
68-5; H, 4-6. C,,H,,0,; requires C, 68-5; H, 4:7%). A solution of the diketone (0-6 g.) in 
boiling glacial acetic acid was treated with a few drops of concentrated hydrochloric acid (see 
Nowlan ef al., loc. cit.). The yellow colour of the solution faded and, on dilution with water, 
6-acetyl-5-hydroxyflavone (mixed m. p. on crystallisation from aqueous dioxan ; 0-4 g.) separated. 


Synthesis of Flavonol 3-Methyl Ethers. 


5 : 7-Dihydroxy-3-methoxyflavone (Galangin 3-Methyl Ether) (X; R = Ph). Preparation of 
o-Methoxyphloroacetophenone Tribenzoate (VIII; R = Ph).—A solution of w-methoxyphloro- 
acetophenone (10 g.) in pyridine (50 ml.) was treated (ice-water cooling) with benzoyl chloride 
(25 ml.), and the resulting mixture left overnight at room temperature. The mixture was 
acidified with hydrochloric acid (10%), and the precipitated oil extracted with ether. The 
ethereal solution was washed with aqueous sodium hydroxide (5%) and with water, and dried 
(Na,SO,). The oil remaining on evaporation of the solvent was distilled at 10-* mm. The 
solid distillate, w-methoxyphloroacetophenone tribenzoate, separated from methanol in crystals 
(10 g.), m. p. 116—118° (Found: C, 71-1; H, 4-3. Cj 9H,,O, requires C, 70-6; H, 43%). 

A solution of this tribenzoate (1 g.) in distilled glycerol (10 ml.) was heated for 30 minutes in 
an atmosphere of nitrogen at 250°. The mixture was cooled and poured into water (100 mi.). 
The solid which separated was dissolved in ether, and the ethereal solution extracted with 
aqueous sodium hydroxide (5%). The alkaline solution was saturated with carbon dioxide, 
and the precipitate collected, washed with water, and dried (yield, 0-5 g.). The sublimate 
obtained at 1 mm. separated from ethanol in yellow plates, m. p. 298°, which did not depress 
the m. p. (298°) of an authentic sample of 5: 7-dihydroxy-3-methoxyflavone, prepared by 
Allan—Robinson benzoylation of w-methoxyphloroacetophenone (Kalff and Robinson, J., 1925, 
127, 182) (Found: C, 67-0; H, 4-2. Calc. for C,,H,,O,: C, 67-6; H, 4:2%). The identity 
of the diacetates prepared from the two samples of the flavonol as described by Kalff and 
Robinson (loc. cit.) was also confirmed (m. p. and mixed m. p. 175—176°). 

Baker—Venkataraman Transformation of w-Methoxyphloroacetophenone Tribenzoate.—A 
solution of the ester (1 g.) in pyridine (10 ml.) was heated with anhydrous potassium carbonate 
(1-2 g.) under reflux for 1 hour, and the mixture poured into excess of hydrochloric acid (10%). 
The precipitate formed (0-35 g.) separated from ethanol in yellow crystals which did not depress 
the m. p. of the authentic (Allan—Robinson) sample of 5: 7-dihydroxy-3-methoxyflavone. 
The Baker—Venkataraman product was the most readily purified; intermediate preparation of 
the diacetyl derivative was necessary with the Allan—Robinson product, while the glycerol 
dehydration product required vacuum-sublimation. 
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Action of Heat on w-Methoxyphloroacetophenone Tribenzoate.—The ester (1 g.) was heated for 
30 minutes in a distillation apparatus at 3 mm. and 280°. No distillate was obtained. The 
solid which remained on evaporation of the solvent from an ethereal extract of the oily residue 
melted at 130° on crystallization (0-23 g.) from methanol, and gave a reddish-brown colour 
in ethanolic solution with ferric chloride. A solution of this substance in concentrated sulphuric 
acid was poured, after 15 minutes, on crushed ice. The precipitate so obtained separated from 
ethanol in crystals (0-08 g.), m. p. 297°, which did not depress the m. p. of galangin 3-methy! ether. 

5 : 7-Dihydroxy-3 : 4’-dimethoxyflavone (Kaempferol 3: 4’-Dimethyl Ether) (X; R = p- 
C,HyOMe). Preparation of w-Methoxyphloroacetophenone Tri-p-anisoate (VIII; R = p- 
C,H,°OMe).—A solution of w-methoxyphloroacetophenone (2 g.) in pyridine (10 ml.) was 
treated in the cold with p-anisoyl chloride (5 g.). The mixture was left overnight and then 
acidified with hydrochloric acid’ (10%). w-Methoxyphloroacetophenone tri-p-anisoate, which 
was precipitated, separated from glacial acetic acid in crystals, m. p. 169—171° (3-5 g.) (Found : 
C, 65-7; H, 4-6. .C,,H,,O0,, requires C, 66-0; H, 4-7%). 

The tri-p-anisoate (1 g.) was cyclized by heating it in glycerol as described above for the 
tribenzoate. The precipitate obtained by the action of carbon dioxide on the solution of the 
product in alkali separated from aqueous acetic acid in yellow crystals (0-21 g.), m. p. 233—234°, 
which did not depress the m. p. (234°) of an authentic (Allan—Robinson) specimen of 5: 7- 
dihydroxy-3 : 4’-dimethoxyflavone (Robinson and Shinoda, /J., 1925, 1980) (Found: C, 64-8; 
H, 4-6. Cale. for C,,H,,0O,: C, 65-0; H, 4:5%). 

Baker—Venkataraman Transformation of w-Phloroacetophenone Tri-p-anisoate.—The reaction 
was carried out as described for the tribenzoate. The product separated from aqueous acetic 
acid in pale-yellow crystals (0-26 g.), m. p. 232—233°, not depressed by admixture with the 
authentic (Allan—Robinson) sample of 5 : 7-dihydroxy-3 : 4’-dimethoxyflavone. The yields of 
pure material obtained by the three methods were: glycerol dehydration, 40%; Baker 
Venkataraman, 50%; Allan—Robinson, 60%. 

5 : 7-Dihydroxy-3 : 3’ : 4’-trimethoxyflavone (Quercetin 3: 3’: 4’-Trimethyl Ether) (X; R 
3: 4-Dimethoxyphenyl). Preparation of w-Methoxyphloroacetophenone Triveratroate (VIII; 
R = 3: 4-Dimethoxyphenyl).—w-Methoxyphloroacetophenone triveratroate was prepared by the 
pyridine—acid chloride method as described above for the tri-p-anisoate. It separated from 
aqueous methanol in crystals, m. p. ca. 78°; the m. p. remained ill-defined even after several 
crystallizations (Found: C, 63-1; H, 5-1. C3 gH ,O,,4 requires C, 62-6; H, 4:9%). 

Cyclization in glycerol of the triveratroate (1 g.) was carried out as described above for the 
tri-p-anisoate. The crude product (0-35 g.) when crystallised from ethanol and ethyl acetate 
formed a yellow powder, m. p. 238—242°, which did not depress the m. p. (240—245°) of an 
authentic (Allan—Robinson) specimen of 5: 7-dihydroxy-3: 3’: 4’-trimethoxyflavone (Allan 
and Robinson, J., 1926, 2336) (Found: C, 62-4; H, 4-6. Calc. for C,,H,,O,: C, 62-8; H, 
4-7%). The quercetin triether (mixed m. p.) was also obtained by application of the Baker- 
Venkataraman reaction to the triveratroate as described for the tribenzoate. The yield of crude 
product was 0-3 g. from 1 g. of ester. 


UNIVERSITY COLLEGE, DUBLIN. [Received, February 7th, 1952.) 


384. Researches in the Menthone Series. Part XVIII.* 
Pyrolysis of (—)-Menthyl Acetate. 
By NEAL L. McNIVEN and JOHN READ. 


Former investigators have reported that the terpene obtained in the 
pyrolysis of (—)-menthyl acetate consisted of (+)-p-menth-3-ene unaccom- 
panied by any (+)-p-menth-2-ene. It is now shown that the product consists 
essentially of a mixture of (+)-p-menth-3-ene (65-5%) and (-+)-trans-p- 
menth-2-ene (34%). 


VAN PELT, JUN., and WIBAUT (Rec. Trav. chim., 1941, 60, 55) reported that a (+-)-p-menthene 
was formed when (—)menthyl acetate vapour was passed through a glass tube packed 
with glass wool and heated externally to 425°. They assumed that this was (+-)-p-menth- 
3-ene. Frank and Berry (J. Amer. Chem. Soc., 1950, 72, 2986) repeated this work and 


* Part XVII, J., 1952, 153. On p. 158, penultimate line of Experimental section, for ‘‘ (+)-cis-p- 
menth-2-ene’’ read “‘ (+)-p-menth-3-ene.”’ 
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examined the (+)-menthene by infra-red spectrography. They concluded that the 
(+)-p-menthene consisted of (+-)-p-menth-3-ene with no (+)-p-menth-2-ene present. 

This result is open to some doubt for the following reasons. It has been postulated 
that esters on pyrolysis break down to acids and olefins by a mechanism dependent on 
hydrogen bridges (Hurd and Blunck, ibid., 1938, 60, 2419). This mechanism has been 
used in order to explain the predominance of cis- over trans-elimination in the pyrolysis of 
esters of cyclic alcohols (Barton, J., 1949, 2174, 2459; Alexander and Mudrak, J. Amer. 
Chem. Soc., 1950, 72, 1810, 3194; 1951, 73, 59; Arnold, Smith, and Dodson, J. Org. Chem., 
1950, 15, 1256). While cis-elimination predominates, ¢rans-elimination can also occur, as 
shown by Alexander and Mudrak (loc. cit.) in their study of the thermal decomposition of 
cis-2-phenyleyclohexyl acetate. Now, in the case of (—)-menthyl acetate 
(1) there is the possibility of cis-elimination between carbon atoms 2 and 3, as 
well as between Cy) and Cy), besides the possibility of ¢vans-elimination 
between C,,) and Cj). Since elimination towards the tertiary carbon atom ~ 
would be expected to predominate (Barton, Joc. cit.), the product of 
pyrolysis of (—)-menthyl acetate should be mainly (+)-p-menth-3-ene 
together with some (-+-)-tvans-p-menth-2-ene. 

In the present investigation the (+-)-p-menthene obtained by pyrolysis of (—)-menthyl 
acetate (Van Pelt, jun., and Wibaut, Joc. cit.) was analysed quantitatively for (+-)-p-menth- 
3-ene and (-+-)-trans-p-menth-2-ene by the method of Hiickel and Tappe (Amnalen, 1939, 
537, 113). This method is based on the observation that (+-)-p-menth-3-ene is com- 
pletely racemised in refluxing alcoholic toluene-f-sulphonic acid while (-+-)-p-menth-2-ene 
is unaffected. It was found that the optical rotation of the (+)-f-menthene dropped 
from a} +94-5° (J = 1 dm.; homogeneous) to a constant value of a +-36-9° (J = 1 dm.; 
homogeneous) after being heated under reflux with alcoholic toluene-f-sulphonic acid 
for 4 hours. Assuming that the optical activity of the mixture is a direct function of its 
composition and knowing the optical rotations of the pure components, we calculate the 
composition of the (+)-f-menthene to have been (-+)-f-menth-3-ene 65-5%, (+-)-trans- 
p-menth-2-ene 34%, racemised p-menthene 0-5%. 

It has thus been shown that a considerable proportion of (+-)-trans-p-menth-2-ene is 
present in the product of pyrolysis of (—)-menthyl acetate. This is formed by cis- and/or 
trans-elimination between Cy.) and C,g);_ but cis-elimination between C,,, and C,,) towards 
the tertiary carbon atom, giving (+-/)-p-menth-3-ene, is the predominating process. This 
result is in line with that obtained in the pyrolysis of methyl (—)-menthylxanthate which 
was shown to form a (+)-f-menthene having [«]p +114-8° (homogeneous) (Tschugaev, 
Ber., 1899, 32, 3332). Hiickel and Tappe (loc. cit.) showed by their racemisation procedure 
that this menthene contained 70% (+-)-p-menth-3-ene and 30°, (+-)-trans-p-menth-2-ene. 
These two components were also proved to be present by Jachard (Bull. Inst. pin., 1933, 
42, 67, 79, 97) using Raman-spectra measurements. A mechanism similar to that postul- 
ated for the pyrolysis of acetates has been proposed by several workers (Barton, Joc. cit. ; 
Hiickel, Tappe, and Legutke, Annalen, 1940, 543, 191; Stevens and Richmond, J. Amer. 
Chem. Soc., 1941, 63, 3132; Alexander and Mudrak, Joc. cit.). 


EXPERIMENTAL 

Pyrolysis of (—)-Menthyl Acetate-—(—)-Menthyl acetate (63 g.), a}? —71-13° (1 = 1 dm.; 
homogeneous), was decomposed at 450° by the method of Van Pelt, jun., and Wibaut (loc. cit.). 
The menthene (32-5 g., 74%) was separated from unchanged menthyl acetate by fracticnal 
distillation at 17 mm. through a 15-cm. column packed with glass helices. After being heated 
over sodium on a steam-bath for 2 hours the (+)-p-menthene was redistilled at 1l mm. The 
distillate had ajf +93-18° rising to a}§ +94-47° after being kept over sodium for 7 days and to 
ap +94-84° (1 = 1 dm.; homogeneous) after a further 2 months over sodium. This product 
had [a]? +116-9° (homogeneous), d?° 0-8108, 12° 1-4509, and [Pz] 45-86 (Calc. : 45-71). 

Analysis of (+)-p-Menthene.—The composition of the (+)-p-menthene obtained as above 
was estimated by the procedure of Hiickel and Tappe (/oc. cit.). 1-0-Ml. portions of the (+)-p- 
menthene, aj? +94-47° (1 = 1 dm.; homogeneous), were heated under reflux with 1-4-ml. 
portions of toluene-p-sulphonic acid solution (29-4 g. of p-Me*C,H,°SO,H,4H,O per 100 ml. of 
ethyl alcohol solution) for varying periods. The menthene was recovered by adding water, 
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washing the oil with sodium carbonate solution, and drying (Na,SO,). The following values 
for al? (1 = 1 dm.; homogeneous) were obtained after 0, 0-25, 0-5, 1, 2, 4 hours respectively : 
+94-97°, +51-62°, +43-50°, +39-99°, +37-50°, +36-94°. The residual constant optical 
activity must be due to (+)-trans-p-menth-2-ene. The values of ap for optically pure (+)-p- 
menth-3-ene and (-+-)-trans-p-menth-2-ene being taken as +88-0 and +108-0° respectively 
(Hiickel, Tappe, and Legutke, Joc. cit.} McNiven and Read, J., 1952, 153), the composition of the 
(+)-p-menthene, aj’ +94-47° (J = 1 dm.; homogeneous), can be calculated to be as stated 
above. 

We acknowledge with thanks a grant from Imperial Chemical Industries Limited and also 
the award to one of us (M. L. McN.) of a British Council Research Scholarship. 
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385. Peptides. Part I. The Synthesis of Peptides through 
Anhydrides of Sulphuric Acid. 
By G. W. KENNER and R. J. STEDMAN. 


The possibility of peptide synthesis through water-soluble mixed 
anhydrides has been explored by studying the condensation of amines with 
toluene-p-sulphonyl-DL-alanine after treating its potassium salt with 
anhydrides of dibasic acids. Whereas o-sulphobenzoic and _ similar 
anhydrides are relatively ineffective in promoting condensation, the complex 
of sulphur trioxide with dimethylformamide gives high yields. A general 
procedure is described for lengthening the chain of a carbobenzyloxy-peptide 
by reaction of the salt of its sulphuric anhydride with the sodium salt of an 
amino-acid in aqueous solution. Among the examples given is the prepar- 
ation of carbobenzyloxyglycyl-L-phenylalanylglycine from carbobenzyloxy- 
glycyl-L-phenylalanine and glycine. 


THE biological significance of peptides containing between five and thirty amino-acids has 
recently become increasingly apparent. This series of papers describes attempts to provide 
new methods for the synthesis and selective degradation of peptides of medium size to 
match those now available for their purification and determination of their amino-acid 
content. 

Four attributes seem desirable in a method for the synthesis of peptides containing 
more than some four amino-acids: (a) the avoidance of racemisation at the a-carbon 
atoms of the amino-acids, (6) the power to combine oligopeptides, (c) the use of polar and 
especially aqueous media for formation of the peptide link, and (d@) the direct repeatable 
extension of a peptide chain in good yield without the isolation of intermediates. Of these, 
only (a) is a necessary property of useful synthetic methods, but the other three confer 
obvious advantages. Thus a scheme of synthesis in which amino-acids are added singly 
to the partly completed structure will be less flexible than one satisfying condition (5). 
The Bergmann-Curtius method has usually been chosen from those hitherto available 
(Fruton, Adv. Protein Chem., 1949, 5,1; Wieland, Angew. Chemie, 1951, 63, 7), for it satisfies 
conditions (a) and (6) and, to a certain extent, (d), in that the resultant carbobenzyloxy-ester 
may be converted via the hydrazide into a fresh acyl azide. The range of peptide syntheses 
would be usefully extended by a method of similar type, but one in which an anhydride was 
formed more directly from the free carboxyl group of a protected peptide and was coupled 
with the salt of a second peptide in an aqueous medium. A fully successful synthesis of this 
character would have all four desirable properties. 

NHy~~CO,- NH~CO,H 
R-CO,- oo} —_ R:-CO-:0— > R-CO “O- 
Waid -o— -O— 

(I) (II) (IIT) (IV) 

For initial study we selected the scheme of synthesis depicted above. This involves 
reaction between the anion (I) derived from a protected peptide and the cyclic anhydride 
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(II) of a dibasic acid, to give a mixed anhydride (III). The negative charge borne by (III) 
should confer water solubility on it and so facilitate its reaction with the salt of a second 
peptide leading to a larger protected peptide (IV), with which the whole process could be 
repeated. As the anhydrous medium necessary for the first step we chose dimethyl- 
formamide, since protected amino-acids and peptides dissolve freely in it and may then be 
directly converted into their anhydrous salts by neutralisation with methanolic alkali and 
fractional distillation of a portion of the solvent in a vacuum at about 50°. In this manner 
toluene-p-sulphony]-DL-alanine was converted into its potassium salt and then condensed 
with morpholine by successive additions of one equivalent of o-sulphobenzoic anhydride and 
of excess morpholine to the dimethylformamide solution. The yield of morpholide was, 
however, only 59%, and still lower when 3 : 5-dibromo-2-sulphobenzoic, $-sulphopropionic, 
or propane-] : 3-disulphonic anhydride was used. The inefficiency of these syntheses might 
be attributed to retention of water or methanol by the salt solution or to incomplete reaction 
with the cyclic anhydride. But freshly fused potassium phenylacetate dissolved immedi- 
ately when o-sulphobenzoic anhydride was added to its suspension in dimethylformamide, 
and only 50% of phenylacetanilide was isolated after addition of excess of aniline. We 
assume instead that the mixed anhydrides (III) either disproportionate very easily or, more 
probably, are attacked by the amino-group at both possible points (cf. Emery and Gold, /., 
1950, 1443). Better results might have been achieved by more careful selection of the 
cyclic anhydride and indeed, since we made these experiments, Wieland and Sehring 
(Annalen, 1950, 569, 122) have described the synthesis of peptides through anhydrides of 
benzoic acid. It seemed, however, more profitable to examine mixed anhydrides with 
inorganic dibasic acids. Thus, Chantrenne (Biochem. Biophys. Acta, 1950, 4, 484) had 
shown that the mixed anhydride of carbobenzyloxyglycine and phenyl dihydrogen 
phosphate acylates amino-acids and peptides in aqueous solution at pH 7-4. We found 
that the sodium salt of acetylsulphuric acid (van Peski, Rec. Trav. chim., 1921, 40, 103) 
likewise acetylated phenylalanine in 86°% yield when the pH was kept at about 9 during 
the rapid reaction. With an aqueous solution of cyclohexylamine the reaction was quantit- 
ative and even aniline gave 68%, of acetanilide, although van Peski had claimed only poor 
yields for this reaction and the corresponding butyroylation (ibid., p. 736). It was therefore 
an obvious step to attempt to prepare the analogous anhydride of toluene-p-sulphonyl-p1L- 
alanine by substitution of sulphur trioxide for the cyclic anhydrides of the earlier 
experiments. 
NH »~co,- NH~~CO,H 
R-CO.- $0, —_> R-CO-0-SO,- ——eS RCO ~-0-SO,- 
+O:CH:NMe, O:CH-NMe, 


Sulphur trioxide has commonly been brought into reaction with organic compounds 
which are labile to sulphuric acid in two forms, as its co-ordination complex with dioxan 
(Suter, Evans, and Kiefer, J. Amer. Chem. Soc., 1938, 60, 359) or pyridine (Baumgarten, 
Ber., 1926, 59, 1166). Neither of these complexes is suitable for preparation of mixed 
anhydrides of protected peptides. The former is an unstable solid used as a suspension in 
ethylene dichloride and therefore cannot be added in a measured quantity. The latter is 
an easily prepared stable solid but would probably yield an acylpyridinium salt rather than 
the desired acy] sulphate, if indeed it entered into reaction at all. Asa base of intermediate 
strength, dimethylformamide, the solvent used by us, is more suitable for preliminary 
combination with the sulphur trioxide; its crystalline complex has been used for preparing 
sulphuric esters of leuco-dyes (Coffey, Driver, Fairweather, and Irving, B.P. 610,117, 
642,206). A solution of this complex is easily prepared by distilling sulphur trioxide 
directly into dimethylformamide and may be stored with only minor decomposition for two 
months in the refrigerator. With the potassium salt of toluene-p-sulphonyl-DL-alanine, it 
rapidly gives a stable solution of potassium toluene-f-sulphonyl-DL-alanine sulphate 
(cf. p. 2073), which when run into excess of cyclohexylamine in water afforded the cyclo- 
hexylamide in 95% yield (5% of the original acid was recovered). The anhydride also 
reacted smoothly with an aqueous solution of glycine at pH 9 giving 80% of toluene-p- 
sulphonyl-DL-alanylglycine; and it gave 60% of the corresponding crystalline carbo- 








(1952) Kenner and Stedman: Peptides. Part I. 2071 


benzyloxy-derivative. In more complicated cases the product could be profitably isolated 
by counter-current distribution between ethyl acetate and a phosphate buffer. The 
efficiency of separation is high in buffered systems (Craig, Golumbic, Mighton, and Titus, 
J. Biol. Chem., 1945, 161, 321) and adjustment of the pH gives the desired partition 
coefficient without change of the organic solvent. The precise yield of the synthesis is also 
calculable from the distribution curve. 

We also studied the condensation of carbobenzyloxyglycyl-L-phenylalanine with glycine, 
in which the single centre of asymmetry would be subject to racemisation both directly 
in the mixed anhydride and through cyclisation of this to the oxazolone salt. As a pre- 
paratory experiment carbobenzyloxyglycyl-DL-phenylalanylglycine was synthesised in 
two steps, each of 70°, yield, from carbobenzyloxyglycine, DL-phenylalanine, and glycine. 
The potassium salt of carbobenzyloxyglycine was sparingly soluble in dimethylformamide 
but dissolved on addition of the sulphur trioxide solution; so as to provide rapidity of 
manipulation it was replaced by the soluble trimethylphenylammonium salts. Carbo- 
benzyloxyglycyl-L-phenylalanine (Hofmann and Bergmann, ibid., 1940, 134, 225) was 
converted into its sulphuric anhydride which was added to excess of aqueous sodium 
hydroxide; the recovered dipeptide derivative had been extensively racemised. The 
racemisation did not appear to have occurred in the dimethylformamide solution but rather 
through action of the aqueous alkali, for a second portion of the same anhydride solution 
kept for a longer time gave material of comparable optical activity. However, in the pre- 
paration of carbobenzyloxyglycyl-L-phenylalanylglycine the time allowed for anhydride 
formation was limited to one minute at 0°. This product was indistinguishable by melting 
point or optical rotation from a sample prepared by the customary azide procedure ; further 
the recovered carbobenzyloxyglycyl-L-phenylalanine had not been appreciably racemised. 
In the preparation of carbobenzyloxy-L-phenylalanylglycine the yield was only 25%, 
owing to production of more water-soluble substances, which have not been fully investig- 
ated but appear to arise through loss of the benzyl radical from the carbobenzyloxy- 
group. Fruton and Bergmann (ibid., 1942, 145, 253) have remarked that the ethyl ester 
of this compound gives on treatment with ammonia 5-benzylhydantoin-3-acetamide and 
not the expected amide obtained in many analogous cases under the same conditions. In 
addition Wessely, Kemm, and Mayer (Z. physiol. Chem., 1928, 180, 64) have shown that 
ureido-compounds can arise in the alkaline hydrolysis of carbalkyloxy-dipeptides. 

The further examples at present under study will evaluate our method, test more 
rigorously the retention of asymmetry (a small amount of racemisation would have 
escaped detection), and compare it with another, rather similar in concept, which has 
recently been described (Boissonas, Helv. Chim. Acta, 1951, 34, 874; Vaughan, J. Amer. 
Chem. Soc., 1951, 73, 3547; Wieland and Bernhard, Amnalen, 1951, 572, 190). The latter 
is simpler, but the intermediate mixed anhydrides with monoalkyl carbonates tend to 
disproportionate, and this is very unlikely with sulphuric anhydrides. 


EXPERIMENTAL 
M. p.s are corrected. 

Toluene-p-sulphonyl-pL-alanine Morpholide.—Toluene-p-sulphonyl-pi-alanine (0-5 g.) and 
thionyl chloride (2 c.c.) were kept at 45—50° during l hour. After evaporation of the excess of 
chloride under reduced pressure, dry benzene (10 c.c.) was added and a portion removed under 
reduced pressure. Morpholine (0-5 c.c.) was added to the benzene solution, which was then 
diluted with chloroform before being washed with dilute acid, sodium hydrogen carbonate 
solution, and water. The morpholide obtained by evaporation of the solvent recrystallised 
from benzene in needles, m. p. 131-5° (Found, in material sublimed at 140°/10-* mm.: C, 54-1; 
H, 6-2; N, 9-2. C,,H,,O,N,S requires C, 53-8; H, 6-4; N, 9-0%). 

Toluene-p-sulphonyl-pL-alanine cycloHexylamide.—Prepared in the same way as the mor- 
pholide, the cyclohexylamide crystallised from benzene in needles, m. p. 144° (Found, in material 
sublimed at 140°/10-* mm.: C, 59-2; H, 7-5; N, 8-4. C,,H,sO,N,S requires C, 59-2; H, 7-5; 
N, 8-6%). 

Identification of Acylamino-acids by Paper Chromatography.—The substances were applied in 
0-3—1-0% solution to Whatman No. 1 paper. m-Butanol saturated with 2N-ammonia was used 
as the ascending solvent (Williams and Kirby, Science, 1948, 107, 487). The paper was dried for 
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} hour at 130° before being sprayed with an aqueous solution of sodium iodate (0-1%), sodium 
iodide (0-4%), and starch (0-5%), which revealed the location of the acids by blue spots (cf. 
Long, Quayle, and Stedman, J., 1951, 2197). At 18° the following Ry, values were obtained : 
toluene-p-sulphonyl derivatives of glycine (0-42), alanine (0-51), and alanylglycine (0-32) ; 
carbobenzyloxy-derivatives of glycine (0-45), alanine (0-52), phenylalanine (0-72), alanylglycine 
(0-41), glycylphenylalanine (0-65), and phenylalanylglycine (0-70). 

Separation of Acylamino-acids by Countercurrent Distribution.—The solvent system was 
redistilled ethyl acetate and a mixture of M-aqueous KH,PO, and K,HPO,, in proportions 
appropriate to the particular separation. Two all-glass apparatus of the type described by 
Craig and Post (Analyt. Chem., 1949, 21, 500), but with a tap at the end of each tube, were used, 
one with 12 tubes (each of 94 c.c.) for each phase and one with 23 tubes (each of 16 c.c.). At the 
end of distribution by the fundamental procedure phosphoric acid (1 c.c. for every 16 c.c. of 
buffer) was added to each tube, the whole was shaken without transfer and the aqueous phos- 
phate layers were discarded. The substances were then recovered by evaporation in a vacuum, 
finally at 0-5 mm., in tared flasks. From the weight-distribution curve the amounts of product 
and recovered starting material in each tube and their partition coefficients were calculated 
(Williamson and Craig, J. Biol. Chem., 1947, 168, 687). The partition coefficients K, referred to 
later, are the ratios of the quantity in the ethyl acetate to that in the phosphate solution and the 
tubes are numbered from 0 at the “ aqueous end,” ethyl acetate being the moving phase and 
phosphate stationary. 

Preparation of Anhydrous Salts of Acylamino-acids.—The acylamino-acid, e.g., toluene-p- 
sulphonyl-pL-alanine or carbobenzyloxyglycyl-L-phenylalanine (2—10 mmol.), was dissolved in 
dimethylformamide (30—50 c.c.) and neutralised with methanolic potassium methoxide. 
About one-half of the solvent was then removed by distillation at 50°/15 mm. through a 6” 
column packed with steel gauze (Dixon, J. Soc. Chem. Ind., 1949, 68, 88). During the latter 
part of this stripping process the column-head temperature was not affected by more than 0-1° 
on alteration of the reflux ratio from infinity to zero. 

Alternatively, a solution of the trimethylphenylammonium salt was prepared in the same 
way after neutralisation with the filtrate from trimethylphenylammonium toluene-p-sulphonate 
(Rodionow, Bull. Soc. chim., 1926, 39, 305) and methanolic sodium methoxide. 

Condensation of Toluene-p-sulphonyl-pi-alanine with Morpholine by Means of Cyclic 
Anhydrides.—The cyclic anhydride (3 mmol.) and, after 1 hour, morpholine (0-8 c.c.) were added 
to a dimethylformamide solution of the potassium salt (2 mmol.). After 3 hours further at 
20° the solvent was evaporated under reduced pressure. The residue was dissolved in chloroform 
and washed with dilute acid, sodium hydrogen carbonate solution, and water. The morpholide, 
m, p. 129—130°, was obtained in yields of 59% from o-sulphobenzoic anhydride (Clarke and 
Dreger, Org. Synth., 1929, 9, 80), 45% from 3: 5-dibromo-2-sulphobenzoic anhydride (Twiss 
and Ferniholt, J. Amer. Chem. Soc., 1936, 58, 1561), 27% from propane-1 : 3-disulphonic an- 
hydride (McElvain, Jelinek, and Rorig, ibid, 1945, 67, 1578), and 8% from $-sulphopropionic 
anhydride (Kharasch, Chao, and Brown, ibid., 1940, 62, 2393). Toluene-p-sulphonyl-p1- 
alanine, m. p. 139—140°, was recovered from the carbonate washings by acidification and four 
chloroform extractions in yields of 21, 28, 38, and 57% respectively. 

Acetylation of Amines by Aqueous Solution of Sodium Acetyl Sulphate.—Sodium acetyl 
sulphate was prepared according to van Peski (Rec. Trav. chim., 1921, 40, 103) from sodium 
acetate, acetic anhydride, and 100% sulphuric acid; analysis by van Peski’s method of alkali 
titrations showed it to contain about 25% of sodium hydrogen sulphate. 

(a) Aniline. Sodium acetyl sulphate (0-96 g.) was stirred with aniline (3 c.c.) and ice-water 
(15 c.c.) during 2 hours. Acidification and: chloroform extraction then yielded acetanilide 
(0-41 g., 68%). 

(b) cycloHexylamine. The acetyl derivative was obtained similarly in quantitative yield 
(calc. on 75% purity of the sodium acetyl sulphate). 

(c) pL-Phenylalanine. Sodium hydroxide (2N) was added dropwise during 15 minutes to a 
stirred solution of pL-phenylalanine (0-66 g.), sodium acetyl sulphate (1 g.), and phenolphthalein 
in N-sodium hydroxide (4 c.c.) and water (8 c.c.) at such a rate that the pink colour was main- 
tained. After a further 15 minutes the solution was acidified with dilute sulphuric acid and 
extracted eight times with ethyl acetate, which then contained acetyl-pt-phneylalanine (0-81 g., 
86%), m. p. 146—147°. 

Dimethylformamide Solution of Sulphur Trioxide—Dimethylformamide Complex.—This was 
prepared by distilling sulphur trioxide directly on to the surface of dimethylformamide, which 
was stirred and cooled in an ice~salt bath. When crystals started to separate, the distillation 
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was stopped and sufficient dimethylformamide added to give a clear solution. This was 
standardised by titration with aqueous alkali and was about 1-3m. 

The sulphur trioxide was prepared by passing sulphur dioxide and oxygen over platinised 
asbestos at 650° and was twice redistilled with rigorous exclusion of moisture. It was a colourless 
crystalline solid, which sublimed without melting. Sulphur trioxide prepared by fractional 
distillation of 63% oleum or from commercial sources contained appreciable amounts of moisture 
and gave a yield of no more than 86% in the preparation of toluene-p-sulphonyl]-pL-alanine 
cyclohexylamide. 

Toluene-p-sulphonyl-pL-alanine cycloHexylamide.—A dimethylformamide solution (6-55 c.c. 
of 1-52m) of the sulphur trioxide—dimethylformamide complex (10 mmol.) was added to a di- 
methylformamide solution of the potassium salt of toluene-p-sulphonyl-pL-alanine (10 mmol.) 
at 20°. Aliquots (8 c.c. each) were withdrawn at intervals of 3, 10, 30, 55, and 130 minutes from 
this solution (total volume 52 c.c.) and pipetted into a solution of cyclohexylamine (1 c.c.) in 
water (5 c.c.) at 0°. After 1 hour sodium hydrogen carbonate solution (5 c.c., saturated) 
was added to the mixture, which was then extracted six times with ethyl acetate (200 c.c. total). 
The ethyl acetate was washed with a little acid, dried (CaSO,), and evaporated, finally in high 
vacuum, leaving the cyclohexylamide as a syrup crystallising in rosettes of needles, m. p. 142— 
143° (0-476, 0-494, 0-484, 0-491, and 0-493 g. respectively; 0-499 g. corresponds to quantitative 
yield). The carbonate solutions from the first two experiments were acidified and extracted six 
times with ethyl acetate, which on evaporation left 0-016 g. and 0-021 g. respectively of syrup. 

A similar experiment, in which an equimolar mixture of toluene-p-sulphonyl-pL-alanine and 
4-methylmorpholine was used instead of the potassium salt, gave only 22% of cyclohexylamide. 

Toluene-p-sulphonyl-pL-alanylglycine.—To an ice-cooled solution of the mixed anhydride 
(2 mmol.), prepared as in the preceding experiment, was added a solution of glycine (0-225 g., 
3 mmol.) and phenolphthalein in N-sodium hydroxide (3 c.c.) and water (8 c.c.) at 0°, followed by 
sufficient N-sodium hydroxide in portions to restore and maintain the pink colour. After 
15 minutes the solution was neutralised with dilute sulphuric acid and thoroughly evaporated 
under reduced pressure. The residue was dissolved in ethyl acetate (20 c.c.) and 3Nn-sulphuric 
acid (10 c.c.), which was extracted five times more with ethyl acetate. The dried ethyl acetate 
extracts (200 c.c.) were evaporated to a syrup, which crystallised from hot water (5 c.c.) in 
colourless needles (3-48 g. 80%), m. p. 150—-151° undepressed by an authentic specimen of the 
dipeptide derivative, m. p. 151° (Schénheimer, Z. physiol. Chem., 1926, 154, 203). Paper 
chromatography confirmed the identity of the preparations and showed the presence of both the 
dipeptide derivative (Ay 0-32) and toluene-p-sulphonyl-pL-alanine (Ry 0-51) in proportions of 
about 2: 1 in the aqueous liquors. 

Carbobenzyloxy-DL-alanylglycine.—This compound, prepared from carbobenzyloxy-pDL- 
alanine (2 mmol.) as in the preceding experiment, had m. p. 130—131° (Found, in material dried 
at 20°: N, 9-9. C,,;H,,O,N, requires N, 100%) (0-34 g., 60%). A sample prepared by Dr. 
H. G. Khorana via the reaction between carbobenzyloxy-DL-alanyl chloride and glycine ethy) 
ester (cf. Hunt and du Vigneaud, J. Biol. Chem., 1938, 124, 699) had m. p. 128—129°. The 
liquors from its preparation through the sulphuric anhydride contained both the dipeptide 
derivative (R, 0-41) and carbobenzyloxy-DL-alanine (Ry, 0-52) in proportions of about 3: 1. 

Carbobenzyloxyglycyl-pL-phenylalanine.—A dimethylformamide solution (6-6 c.c.) of the 
sulphur trioxide-dimethylformamide complex (10 mmol.) was added to a suspension of the 
potassium salt of carbobenzyloxyglycine (10 mmol.) in dimethylformamide (30 c.c.). The 
mixture was kept at 20° with shaking for 5 minutes before being cooled in an ice-salt bath. A 
solution of pL-phenylalanine (1-98 g., 12 mmol.) and phenolphthalein in N-sodium hydroxide 
(12 c.c.) and water (10 c.c.) was then added in one portion to the stirred dimethylformamide 
solution and was followed rapidly by sufficient 0-5N-alkali to restore and maintain the pink 
colour. After 10 minutes the solution was neutralised with 3Nn-sulphuric acid and evaporated 
in a vacuum to a syrup, which was taken up in 3N-sulphuric acid (12 c.c.) and ethyl acetate 
(50c.c.). The layers were separated and the water extracted four times more with ethyl acetate. 
Evaporation of the combined dried ethyl acetate extracts (350 c.c.) afforded a pale yellow oil 
(5-15 g.). An eleven-transfer distribution of this between ethyl acetate and M-phosphate buffer 
(7 mols. of KH,PO, to 3 mols. of K,HPO,) separated the product (2-5 g., 7 mmol.; K 1-69) 
from carbobenzyloxyglycine (0-7 g., 3 mmol.; K 0-273). The material, m. p. 161° (2-35 g.), 
from tubes 5—10 was combined and recrystallised from ethyl acetate in colourless needles, 
m. p. 162° (Found, in material dried at 100°: C, 64-2; H, 5-7; N, 8-1. Calc. for C,,H,,O,N, : 
C, 64:0; H, 5-7; N, 7:°9%). Neurath, Elkins, and Kaufmann (J. Biol. Chem., 1947, 170, 221) 
record m. p. 159-5—160-5° for carbobenzyloxyglycyl-pL-phenylalanine. 

6R 
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Carbobenzyloxyglycyl-L-phenylalanine.—This was prepared in the same way as the pD1L- 
compound and crystallised from ethyl acetate-ether in colourless needles, m. p. 127°, 
[a}i® +41-5° (+1°) (c, 2 in ethanol) (Found, in material dried at 65°: N, 7-9. Calc. for 
C,,H,,O;N,: N, 7-°9%). Hofmann and Bergmann (ibid., 1940, 134, 225) give m. p. 125—126°, 
{a]# +38-5° (c, 5 in ethanol) for carbobenzyloxyglycyl-L-phenylalanine. 

The dipeptide derivative (1 mmol.) was converted through its potassium salt into the mixed 
sulphuric anhydride, as in the above preparations. About one-half of the anhydride solution was 
poured directly into ice-cold 0-2N-sodium hydroxide (10 c.c.) and the dipeptide derivative 
recovered by acidification, evaporation, and ethyl acetate extraction from dilute sulphuric acid. 
It crystallised from ether in needles, m. p. 159—160°, [«]}f +9° (Found, in material dried at 
65°: N, 82%) and the material in the mother-liquors had [{«]}? +14°. The second half of the 
anhydride solution was kept at 20° during 15 minutes before being treated in the same way; 
in this case the recovered materials had [a]}}° +19°. 

Carbobenzyloxyglycyl-pL-phenylalanylglycine.—A dimethylformamide solution (0-72 c.c.) of 
the sulphur trioxide—-dimethylformamide complex (1 mmol.) was added to an ice-cooled solution 
of the trimethylphenylammonium salt (1 mmol.) of carbobenzyloxyglycyl-pL-phenylalanine 
in dimethylformamide (10 c.c.). After 1 minute this mixture was treated successively with a 
solution of glycine (0-15 g., 2 mmol.) and phenolphthalein in N-sodium hydroxide (2 c.c.) and 
water (5 c.c.) and with sufficient 0-5N-alkali to restore and maintain the pink colour. After 
10 minutes the solution was neutralised with dilute sulphuric acid, evaporated, and separated 
between ethyl acetate (20 c.c.) and N-sulphuric acid (5 c.c.). The aqueous layer was extracted 
four times more with ethyl acetate, and the combined extracts (120 c.c.) were evaporated 
to an oil (0-59 g.). An eleven-transfer distribution between ethyl acetate and M-phosphate 
buffer (8 mols. of KH,PO, to 2 mols. of K,HPO,) showed the presence of carbobenzyloxyglycyl- 
pL-phenylalanylglycine (0-322 g., 78%; K 0-835), but separation was relatively poor. The 
material from tubes 0—6 was combined (0-283 g.) and twice crystallised from ethyl acetate in 
colourless plates, m. p. 141—142° (Found, in material dried at 80°: C, 61-4; H, 5-6; N, 10-5. 
C,,H,30,N;, requires C, 61-0; H, 5-6; N, 10-2%). 

Carbobenzyloxyglycyl-L-phenylalanylglycine.—Carbobenzyloxyglycyl-L-phenylalanine was con- 
densed with glycine as in the preceding experiment. The crude product was separated by a 
twenty-two transfer distribution between ethyl acetate and M-phosphate buffer (7-5 mols. of 
KH,PO, to 2-5 mols. of K,HPO,) into carbobenzyloxyglycyl-L-phenylalanylglycine (K 0-69) and 
carbobenzyloxyglycyl-L-phenylalanine (K 2-54). The yield of tripeptide derivative was only 52% 
in this experiment, doubtless owing to the use of an old sample of the sulphur trioxide—dimethyl- 
formamide complex. The combined material from tubes 5—10 had [a]j? —13-3° (+2°) 
(c, 1-2 in ethanol) and crystallised from ethyl acetate-ether, m. p. 155-5—157-5°, [a]}® —15-2° 
(+1-5°) (c, 1-1 in ethanol) (Found, in material dried at 55°: C, 61-1; H, 5-7; N, 10-5. 
C,,H,;0,N; requires C, 61-0; H, 5-6; N, 10-2%). The dipeptide derivative recovered from 
tubes 17—19 had [«]}° +38-8° (+2°) (c, 1 in ethanol). 

Carbobenzyloxyglycyl-L-phenylalanine Ethyl Ester—Sodium carbonate (0-742 g., 7 mmol.) 
was added to a solution of L-phenylalanine ethyl ester hydrochloride (1-607 g., 7 mmol.; m. p. 
148—150°, [a]}? —7-33°+0-25° [c, 3-9 in water]) in ice-cold water (6 c.c.) which was then 
extracted thrice with cold ether. The combined extracts (15 c.c.) were dried (Na,SO,) 
during 5 minutes and then mixed with triethylamine (1-1 c.c.) before being added to an ice- 
cooled solution of the sulphuric anhydride prepared in the usual way from the trimethylphenyl- 
ammonium salt of carbobenzyloxyglycine (1-045 g., 5 mmol.) and a solution of the sulphur 
trioxide—dimethylformamide complex in dimethylformamide (5-2 c.c., equivalent to 11-6 c.c: 
of n-sodium hydroxide, but containing only 5 mmol. of sulphur trioxide). After 5 minutes the 
solution was neutralised with dilute sulphuric acid and evaporated, finally at 2 mm., to an oil, 
which was partitioned between ethyl acetate (50 c.c.) and 4N-sulphuric acid (20 c.c.). The 
aqueous layer was five times re-extracted with ethyl acetate, and the combined ethyl acetate 
solutions (300 c.c.) were washed thrice with a saturated sodium hydrogen carbonate solution 
(75 c.c. total), from which carbobenzyloxyglycine (0-191 g., 0-915 mmol.) was recovered by 
acidification and ethyl acetate extraction. The main ethyl acetate solution contained the oily 
product (1-825 g.); Hofmann and Bergmann (loc. cit.) likewise report carbobenzyloxyglycyl-t- 
phenylalanine ethyl ester as an oil. 

Carbobenzyloxyglycyl-L-phenylalanine Hydrazide.—Hydrazine hydrate (0-5 c.c. of 100%) was 
added to a solution of the ethyl ester (1-39 g.), prepared in the preceding experiment, in ethanol 
(6 c.c.). The mixture was kept at 18° for 15 hours and then between 50° and 60° for 5 hours. 
Crystalline material (0-68 g.) separated after dilution with ethanol (3 c.c.), filtration, and addition 
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of ether (100 c.c.), and a further quantity was obtained from the liquors by a repetition of the 
hydrazine treatment. The two crops were recrystallised from ethanol {0-93 g., 70%; m. p- 
142—144°; [a}i®* +6-9° (42°) (c, 2 in 0-5N-hydrochloric acid)} and then twice more, to give 
the pure hydrazide, m. p. 143—144-5° (Found, in material dried at 50°: C, 61-5; H, 5-4; N, 15-4. 
C,,H,,0,N, requires C, 61-6; H, 6-0; N, 151%). 

Carbobenzyloxyglycyl-L-phenylalanylglycine by the Azide Method.—Sodium nitrite (0-16 g.) 
in water (3 c.c.) was added during 15 minutes to a stirred ice-cooled solution of carbobenzyl- 
oxyglycyl-L-phenylalanine hydrazide (0-65 g.) in acetic acid (0-7 c.c.) and 0-5n-hydrochloric 
acid (7 c.c.). The gum which separated was extracted into ice-cold ether (16 c.c.) and washed at 
0° with water, twice with saturated sodium hydrogen carbonate solution, and again with water. 
The ethereal solution was dried (Na,SO,) at 0° and added during 20 minutes to glycine ethyl 
ester (0-26 c.c.) in dry ether (5c.c.). The mixture was kept at 0° during 20 hours and then for 
4 hours at room temperature. Ethyl acetate was added to give a homogeneous solution, which 
was washed twice with N-sulphuric acid, twice with sodium hydrogen carbonate solution and 
once with water. Carbobenzyloxyglycyl-L-phenylalanylglycine ethyl ester remained on evapor- 
ation, finally at 0-01 mm., as a pale yellow glass (0-492 g., 63%), which was dissolved in ethanol 
(4 c.c.) and saponified with N-sodium hydroxide (1-4 c.c., 1-25 equivalents) during 45 minutes. 
After neutralisation with dilute acid and evaporation of the solvent the product was obtained by 
three extractions with sodium hydrogen carbonate solution (60 c.c.) from ethyl acetate (30 c.c.), 
followed by washing with ethyl acetate, acidification with dilute acid, and extraction by ethyl 
acetate (4 x 30 c.c.). The colourless glass (0-433 g., 60%) was twice crystallised from ethyl 
acetate by addition of ether, yielding carbobenzyloxyglycyl-L-phenylalanylglycine (0-236 g.) 
of constant m. p. 155-5—157-5°, [a]? —15-7° (+1-5°) (mean of five determinations at c, 1-2 in 
ethanol). The m. p. was unchanged by admixture of the sample, m. p. 155-5—157-5°, prepared 
through the sulphuric anhydride, but was depressed to 140-5—141-5° by only a small quantity 
of the pL-compound, m. p. 141—142°. 

Carbobenzyloxy-L-phenylalanylglycine.—A solution of the trimethylphenylammonium salt 
(10 mmol.) of carbobenzyloxy-t-phenylalanine in dimethylformamide (15 c.c.) was cooled to 0° 
and treated first with a dimethylformamide solution (7-6 c.c.) of the sulphur trioxide—-dimethyl- 
formamide complex (10 mmol.) and then after 1 minute with a solution of glycine (1-13 g., 
15 mmol.) and phenolphthalein in n-sodium hydroxide (15 c.c.) and water (6 c.c.) followed by 
sufficient 0-5Nn-alkali to restore and maintain the pink colour. By neutralisation, evaporation, 
and ethyl acetate extraction from acid as in previous experiments an oil (4-50 g.) was obtained, 
which was distributed in eleven transfers between ethyl acetate and M-phosphate buffer (5 mols. 
of KH,PO, to 5 mols. of K,HPO,). Tube 0 contained more material (0-712 g.) than any other 
and the weight distribution curve had maxima at tubes 5 (0-231 g.) and 10 (0-327 g.) and minima 
at tubes 3 (0-142 g.) and 8 (0-167 g.). This is consistent with the presence of four substances : 
recovered carbobenzyloxy-.-phenylalanine (K 6-10; 0-731 g., 2-44 mmol.), the desired product 
(K 0-937; 0-887 g., 2-48 mmol.), and two substances “‘ X”’ (K 0-081; 0-814 g.) and “ Y” 
(K 0-00; 0-364 g.). Carbobenzyloxy-1-phenylalanylglycine (0-663 g.) was obtained by re- 
crystallisation of the solid from tubes 4—7 from ethyl acetate-ether and had m. p. 154°, 
[a}}? —8° (+1-5°) (c, 1-5 in acetic acid) (Found, in material dried at 65°: N, 7-9. Calc. for 
C,,H,,0O;N,: N, 7-°9%). Behrens, Doherty, and Bergmann (ibid., 1940, 136, 61) give m. p. 
151—152°, [a]? —9-6° (c, 5 in acetic acid), for this substance. The material in tube 0 did not 
dissolve completely in benzene; ‘‘ Y ’’ (0-317 g.; m. p. 70—80°) separated from it on dissolution 
in dioxan (7 c.c.) and addition of benzene (15 c.c.) and was recrystallised twice in the same way, 
having m. p. 73—89° (Found: C, 55-5; H, 6-6; N, 83%). Its ultra-violet spectrum showed 
normal benzene absorption with maxima at 233, 258, and 264 my (E}%, 3-96, 5-02, and 3-82 
respectively), similar too, but less than half as intense as, that of carbobenzyloxy-L-phenyl- 
alanylglycine (maxima at 253, 259, and 264 mu; £}%, 8-71, 10-95, and 8-71 respectively). A 
second sample of “ Y ”’ was obtained from the liquors of the two dioxan—benzene recrystal- 
lisations by crystallisation from ethyl acetate—carbon tetrachloride, then having m. p. 82—86° 
(Found, in material dried at 60°: C, 53-8; H, 5-7; N, 10-1. C,,H,,O;N, requires C, 54-1; 
H, 5-3; N, 10-5%). The substances were chromatographed on Whatman No. 1 paper in ¢ert.- 
butanol (80 parts by volume), water (16 parts), ammonia (4 parts; d, 0-88) and detected as the 
ammonium salts by the blue colour with ninhydrin (Long, Quayle, and Stedman, Joc. cit.). 
Carbobenzyloxy-t-phenylalanine had R, 0-78, carbobenzyloxy-t-phenylalanylglycine Ry, 0-67, 
and “ Y” Ry, 0-56. The material in tube 1, which should have been almost pure “ X,”’ was 
freely soluble in benzene and gave a single spot Rp 0-61. The first liquors from crystallisation of 
““Y ” gave a streak between the limits Ry, 0-53 and 0-65. Hydrolysis of both ‘‘ X”’ and “ Y”’ 
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by 9n-hydrochloric acid during 15 hours at 110° liberated approximately equivalent amounts of 
phenylalanine and glycine, detected by paper chromatography. 
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386. Peptides. Part II.* Selective Degradation by Removal of the 
Terminal Amino-acid bearing a Free Amino-group. The Use of 
Alkyl Alkoxydithioformates (Dialkyl Xanthates). 


By G. W. KENNER and H. G. KHoRANA. 


Peptides are converted by the action of dialkyl xanthates on their sodium 
salts in aqueous solution at room temperature into their N-thioncarbalkoxy- 
derivatives (V). These substances are cleaved by hydrogen chloride in 
nitromethane to the hydrochloride of an amino-acid or degraded peptide and a 
4-alkylthiazolid-2 : 5-dione (VIII), from which the terminal amino-acid may be 
regenerated by mild hydrolysis. The two steps proceed in almost quantitative 
yield and in combination constitute a valuable method for selective degrad- 
ation of peptides. 


THE structure of peptides has been determined by partial hydrolysis with acids or enzymes 
and identification of the various di- and tri-peptides liberated (e.g., Consden, Gordon, Martin, 
and Synge, Biochem. J., 1947, 41, 596; Sorm and Keil, Chem. Listy, 1951, 45, 278). In 
combination with partial hydrolysis of the dinitropheny] derivative of the original substance 
(Sanger, Biochem. J., 1945, 39, 507) this is a very powerful method of analysis, as has been 
demonstrated by Sanger and Tuppy in their elegant work on insulin (bid., 1951, 49, 463, 
481). Nonetheless the solution of future problems would be assisted by methods of 
selective degradation, t.e., by cleavage of a peptide link specified either by its function in 
binding a particular amino-acid or by its proximity to an end ofachain. The latter type of 
method has attracted several investigators (cf. Fox, Adv. Protein Chem., 1945, 2, 155) and 
this paper is concerned with our own studies of degradation of a peptide chain from the end 
bearing a free amino-group. 

Selective removal of the terminal amino-acid involves two stages : attack by a reagent 
which either modifies the terminal amino-acy]l group so as to reduce its stability or attaches 
a residue so constructed that its reaction with the neighbouring peptide linkage is facilitated 
by formation of a stable cyclic structure; the amino-acid at one remove from the end is 
then uncovered in the second step. A method of the former class described by Goldschmidt 
and his colleagues (Goldschmidt, Wiberg, Nagel, and Martin, Amnalen, 1927, 456, 1; 
Goldschmidt and Strauss, ibid., 1929, 471, 1) depends on elimination of the terminal amino- 
acid as a nitrile by action of alkaline hypobromite, and has various practical disadvantages. 
Our first experiments were directed along somewhat similar lines. Like ninhydrin, sodium 


g 
oO 
fe) V4 V4 
ae ot © 
' VY 
N-‘CHR:CO:'NH~~ N:CHR + HO-CO:-NH~~ 
1 : 2-naphthaquinone-4-sulphonate reacts with amino-acids liberating carbon dioxide 


(Van Slyke, Dillon, MacFadyen, and Hamilton, J. Biol. Chem., 1941, 141, 627), and it also 
reacts with peptides (Frame, Russell, and Wilhelmi, ibid., 1943, 149, 255) presumably 


* Part I, preceding paper. 
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giving compounds such as (I). We envisaged the possibility that these might be oxidised 
according to the scheme shown above, but all attempts with silver oxide, hydrogen peroxide, 
sodium bismuthate, and lead tetra-acetate were unsuccessful. The colour was destroyed, 
but with production of the original and not the degraded peptide. 

The second type of approach, elimination of the terminal amino-acid in a cyclic structure, 
has in the past been more fruitful. Edman (Acta Chem. Scand., 1950, 4, 283) has developed 
a method of considerable promise by substituting phenyl isothiocyanate for the phenyl 
isocyanate used by earlier workers (Bergmann, Miekeley, and Kann, Amnalen, 1927, 458, 
56; Abderhalden and Brockmann, Biochem. Z., 1930, 225, 386); a prominent feature of his 
process is that the second step is acid-catalysed cyclisation in an anhydrous medium of the 
phenylthiocarbamy] derivative initially formed in aqueous solution. Levy (J., 1950, 404) 


R-CH—€O + NH,»~ 
R-CH-CO-NH~ NH CH-CN 


(II) ““ NH-CH,-CH,CN 
cH, 


has shown that 4-alkyl-2-thiothiazolid-5-ones are split off when salts of dithiocarboxy- 
peptides are acidified and has utilised this reaction in a method of degradation in aqueous 
solution throughout. Among various possible reaction sequences explored by us was 
addition of the peptide to acrylonitrile (cf. McKinney, Uhing, Setzhorn, and Cowan, /. 
Amer. Chem. Soc., 1950, 72, 2599) and fission of the product (II) to a 2-alkyl-4-cyanopyr- 
rolid-3-one. (N-2-cyanoethyl-DL-alanyl)glycine was obtained crystalline in satisfactory 
yield and did give some glycine on treatment with alkali; the reaction was however sluggish 
and could not be brought to completion without the use of drastic conditions, and the 
compound was not affected by dilute acid. Another attractive possibility was to thio- 
formylate the peptide with sodium dithioformate in aqueous solution (Todd, Bergel, and 


MeS + NH,-CHR”CO,H 


MeSH + NH-CHR’-CO,H 
(11) Ro-<:s — 


RO-C!S (IV) 


Karimullah, J., 1936, 1557) and then to eliminate the terminal amino-acid as a 4-alkyl- 
thiazol-5-one. But attempts to thioformylate amino-acids were unsuccessful. The 
difficulty could have been overcome by simply replacing this salt by the ester of another 
dithio-acid (McOmie, Ann. Reports, 1948, 45, 209) and indeed Kjaer (Acta Chem. Scand., 
1950, 4, 1347) has recently accomplished the satisfactory thiobenzoylation of amino-acids, 
However at this time Aubert and Knott (Nature, 1950, 166, 1039; Aubert, Knott, and 
Williams, J., 1951, 2185) described the reaction between dialkyl xanthates and glycine, 
yielding N-thioncarbalkoxyglycines (IV; R’ = H). By use of this observation one of us 
(Khorana, Chem. and Ind., 1951, 129) has been able to develop a new practical method of 
peptide degradation. 

The N-thioncarbalkoxyglycines (IV; R’ = H) were obtained in fair yield by Aubert, 
Knott, and Williams (loc. cit.) by boiling aqueous solutions of the potassium salt of glycine 
during 18 hours with the ethyl xanthates. These conditions are unnecessarily vigorous : 
when the methyl esters (III) are used, methanethiol is evolved at room temperature from 
the homogeneous reaction mixture in aqueous 2-ethoxyethanol. Extraction by ethyl 
acetate in presence of acetic acid, after removal of excess of reagent with ether, affords the 
desired products in almost quantitative yield. The generality of the reaction was demon- 
strated by the preparation in high yield of crystalline derivatives (IV; R = Et) of glycine, 
DL-alanine, and Di-valine. Even the imino-group of DL-proline was acylated without 
difficulty. Similarly the dipeptides, glycylglycine, glycyl-p1-valine, glycyl-p1-leucine, 
glycyl-pL-phenylalanine, DL-alanylglycine, and pDt-leucylglycine all gave crystalline N- 
thioncarbethoxy-derivatives (_V; R = Et) in high yield. 

In these compounds (V) the sulphur atom is favourably placed for reaction with the 
neighbouring peptide link as in the scheme shown above. Accordingly the derivative of 
DL-alanylglycine (V; R= Et, R’ = Me, R” = H) was subjected to the same treatment 
as in Edman’s method of degradation (loc. cit.) ; hydrogen chloride was bubbled through its 
solution in nitromethane with rigorous exclusion of moisture. As expected, glycine 
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hydrochloride separated almost immediately and was collected after a few hours in very 
good yield. The amino-acid hydrochlorides (VII) were likewise obtained from all the other 
N-thioncarbethoxy-dipeptides (V; R = Et). 

The nitromethane liquors contained the other amino-acid residue (IX) bound in a 
cyclic structure. Aubert and Knott (loc. cit.; Aubert, Jeffreys, and Knott, J., 1951, 2195) 
showed that N-thioncarbethoxyglycine (IV; R= Et, R’ = H) is easily converted by 
phosphorus trichloride in benzene into thiazolid-2 : 5-dione (VIII; R=H). The same 
substance was produced by the action of phosphorus tribromide in moist benzene on 2- 
ethoxythiazol-5-one, the free base of (VI; R = Et, R‘’=H). We therefore presume that 
(VIII) represents the cyclic end-products of our degradation, although their instability has 
precluded their actual isolation. The syrups, remaining after evaporation of the nitro- 
methane, are converted by brief treatment with dilute alkali and then acid into the free 
terminal amino-acid (IX), identified in our experiments by paper chromatography. 
Omission of the first step in hydrolysis leads to polypeptides in addition to the amino-acid 
itself (cf. Aubert, Jeffreys, and Knott, loc. cit.). 


NH-CHR’CONH-‘CHR”-CO,H_ ___,» [ cj. + NHyCHR”-CO,H 
RO-C'S 2HC |e ci- 


(V) y . (VII) 


i a” 
NH,—CHR’ acid 0,- <n 
cos a é~ ¢ \ e 


(IX) ween 


These experiments with dipeptides established the general form of the new technique of 
selective degradation. It was equally successful with the tripeptide DL-leucylglycylglycine, 
but its application to glycylglycine and to glycylglycylglycine was a little troublesome. In 
these cases the N-thioncarbethoxy-derivatives were sparingly soluble in cold nitromethane 
and, when the degradation step was carried out in warm solution, the recovered terminal 
glycine was contaminated with polypeptides. These are clearly exceptional cases and, 
should similar difficulties arise with substances of greater importance, they could probably 
be overcome by change to a more polar inert solvent. However, as N-thioncarbohexyloxy- 
glycine (IV; R = n-C,H,,) is soluble in light petroleum (Aubert, Knott, and Williams, 
loc. cit.), it was of interest to examine the effect of enlarging the alkyloxy-group. The inter- 
mediates such as (V; R = Bu®, R’ = R” = H), prepared from n-butyl methyl xanthate, 
were indeed more soluble, but the undesirable features were not completely removed by this 
small increase in chain length. 

The degraded peptide need not be collected as its crystalline hydrochloride, but may 
be extracted from the nitromethane solution by water (see Experimental). Addition of 
the appropriate amount of alkali to the aqueous solution then gives directly the sodium 
salt of the degraded peptide ready for reaction with a second portion of the methyl xanthate. 

Successive applications of the method could, in principle, lead to complete elucidation 
of the sequence of amino-acids in a peptide chain, and it should therefore be useful for 
structural determination in natural products. For this purpose it appears to offer some 
advantages over those described by Levy (loc. cit.) and Edman (loc. cit.). In the former 
the two steps are carried out consecutively in the same aqueous solution and there is thus a 
risk of contamination of the degraded with the original peptide. This is completely avoided 
in our method by extraction of the intermediates, which are stable to aqueous acid, into an 
organic solvent from an acid aqueous medium. In Edman’s method, on the other hand, the 
initial reaction with phenyl tsothiocyanate has to be carried out under carefully controlled 
conditions and the isolation of the phenylthiocarbamyl-peptides is more troublesome; the 
solubilities of these compounds are also less than those of the N-thioncarbalkoxy-derivatives. 
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EXPERIMENTAL 
M. p.s are uncorrected. 


Preparation of Alkyl Methyl Xanthates.—Potassium ethyl and butyl xanthate were prepared 
according to Vogel’s directions (J., 1948, 1833). Methyl iodide in methyl alcohol (the vigorous 
reaction was moderated at first by external cooling) under reflux for 4 hour afforded O-ethyl 
(IIIT; R = Et) and O-n-butyl methyl xanthate (II1; R = Bu"), b. p. 60°/0-5 mm., as a light yellow 
liquid (Found: C, 44-1; H, 7-0. C,H,,OS, requires C, 43-9; H, 7-4%). 

General Method of Preparation of N-Thioncarbalkoxy-derivatives of Amino-acids and Peptides. 
—The amino-acid or the peptide is dissolved in 5N-sodium hydroxide (ca. 1-1 mol.) and approxi- 
mately 4 mol. of the dialkyl xanthate added. The contents are then homogenised by the 
dropwise addition, with shaking, of 2-ethoxyethanol (3—4 parts to 1 part of the aqueous 
alkaline solution). Methanethiol begins to be evolved soon and the reaction is completed by 
keeping the clear solution at room temperature for 24—48 hours. The contents are then 
evaporated in vacuo to a syrup, diluted with water, and extracted with ether to remove excess 
of the reagent. The N-thioncarbalkoxy-derivative is then isolated by repeated extraction with 
ethyl acetate in presence of acetic acid. In the case of amino-acids, the acidification may be 
carried out with hydrochloric acid. 

The compounds prepared by the general method (illustrated below in detail for one case) 
in quantitative yield are listed in the table. p1i-Leucine and pi-phenylalanine gave oils. 


Found, % : Required, 
Amino-acid M. p. Solvent for crystn.t Formula Cc N C H 
* Glycine 98—99 Et,O-Pet C,H,O,NS 368 5:5 36-8 56 
* pL-Alanine 102 C,H,—Pet C,H,,0O,NS 406 6: : 40-7 63 
DL-Valine 98 C,H,-Pet (sublimed C,H,,O,NS 47-1 °$ . 46-8 7-4 
80°/10°* mm.) 
pL-Proline ... 128—129 C,H,—Pet C,H,;0,;NS 47-6 ; 473 6-4 , 
* See also Aubert, Knott, and Williams (loc. cit.). + Pet = light petroleum (b. p. 40—60°). 


N-Thioncarbethoxy-pi-alanylglycine (V; R = Et, R’ = Me, R” = H).—To a solution of 
Di-alanylglycine (0-146 g.) in 5N-sodium hydroxide (0-22 c.c., 1-1 equivalents) O-ethyl methyl 
xanthate (0-52 g., ca. 4 mol.) was added followed by 2-ethoxyethanol (ca. 1 c.c.) till a clear light 
yellow solution resulted. After 48 hours at 18—20°, the contents were evaporated to a thick 
syrup in vacuo and diluted with water (5c.c.). The excess of reagent was removed by 3 extractions 
with ether; the combined ethereal extracts were washed with a small volume of water, and the 
washings added to the main bulk of the aqueous solution. After addition of acetic acid (1 c.c.) 
the solution was extracted twice with ethyl acetate; this was followed by the addition of a 
further 0-5 c.c. of the acid and continued extraction. In all, six extractions (volume of combined 
extracts, ca. 50 c.c.) were carried out after the portionwise addition of 2 c.c. of acetic acid. 
After being dried (CaSO,) the extracts were evaporated under partial vacuum, finally in a high 
vacuum to remove last traces of acetic acid. N-Thioncarbethoxy-p.-alanylglycine (0-198 g., 
86%) crystallised directly after prolonged suction. A sample, recrystallised from nitromethane 
and washed with small volume of diethyl ether, had m.p. 143—144° (Found, after drying for 
18 hours at 80°: C, 41-4; H, 5-8; N, 11-9; C,H,,O,N,S requires C, 41-0; H, 6-0; N, 12-0%). 

Following the general method of cleavage described below, the compound was degraded in 
anhydrous nitromethane to give almost immediately glycine hydrochloride in very good yield 
(over 70% directly) and the substituted thiazolid-2 : 5-dione containing the terminal pi-alanine 
residue. The latter was recovered by the method outlined below, and no polymerisation 
products were detected. 

General Method of Cleavage of N-Thioncarbalkoxy-peptides.—The dried N-thioncarbalkoxy- 
peptide is dissolved in anhydrous nitromethane (by gentle warming, if necessary), and the 
solution is saturated with dry hydrogen chloride under complete exclusion of moisture. The 
hydrochloride of the degraded amino-acid or peptide sometimes begins to separate immediately. 
In every case the crystalline product is collected after a few hours and washed with small 
amounts of dry ether. The clear nitremethane solution is evaporated carefully at low temper- 
ature and the residue treated with N-sodium hydroxide and neutralised with hydrochloric acid 
after 5 minutes. The amino-acid thus liberated is identified by paper chromatography. Some- 
times small amounts of polypeptides are also detected on the paper chromatogram. 

In small-scale work a convenient modification consists in addition of water to the anhydrous 
nitromethane solution after completion of the degradation. The aqueous layer, after separation, 
is washed with a small volume of ether, and the organic solvent layer similarly with a small 
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amount of water. The degraded amino-acid or peptide and the terminal amino-acid are then 
easily recovered from the aqueous solution and the organic solvent respectively. 

N-Thioncarbethoxy-p.-leucylglycine (V; R = Et, R’ = Bu', R” = H) was prepared, accord- 
ing to the general method, in practically quantitative yield as an oil which slowly crystallised. 
Recrystallised from ether—light petroleum (b. p. 40—60°) and finally from water, it had m. p. 
122° (Found: C, 47-9; H, 6-9; N, 10-3. C,,H,,O,N,S requires C, 47-8; H, 7-3; N, 10-1%). 

The degradation was carried out according to the general procedure. Glycine hydrochloride 
separated immediately in good yield and formed long needles. D1i-Leucine was recovered from 
the “‘ cleavage product ” and was found, by paper chromatography, to be free from any poly- 
peptides. 

N-Thioncarbethoxyglycylglycine (V; R=Et, R’ = R” =H) was prepared as above, 
24 hours being sufficient for the completion of the reaction (yield in two experiments, 187 and 
196 mg.; theor., 220 mg.). Recrystallisation from nitromethane afforded clusters of needles, 
m. p. 142—143° (Found, in a sample dried at 80° for 18 hours: C, 38-4; H, 5-2; N, 12-2. 
C,H,,0,N,5S requires C, 38-2; H, 5-5; N, 12-7%). 

Degradation of this compound was not completely satisfactory as it was necessary to employ 
a warm nitromethane solution of the substance. The terminal glycine residue as recovered from 
the nitromethane solution was, in this case, contaminated with some slow-moving polypeptides. 

N-Thioncarbethoxyglycyl-pi-valine (V; R=Et, R’ =H, R” = Pr') was obtained in 
theoretical yield as an oil which gradually crystallised. Recrystallised from ether-light 
petroleum (b. p. 40—60°) and then from water it separated as rosettes of needles, m. p. 131—132° 
(Found, in a sample dried at room temperature; C, 45-9; H, 6-9; N, 10-5. C,,H,,0O,N,S 
requires C, 45-8; H, 6-9; N, 10-7%). 

The clear nitromethane solution saturated with hydrogen chloride deposited pL-valine 
hydrochloride within 4 hour at room temperature. 

N-Thioncarbethoxyglycyl-p.-leucine (V; R = Et, R’ = H, R” = Bu’), obtained as an oil 
in the usual way and dried in high vacuum, afforded crystals (84%) on dissolution in benzene- 
light petroleum (b.p. 40—60°). One recrystallisation from water gave spherical clusters of the 
needles, m. p. 109—110°; a different sample melted partly at 110° and then completely at 120° 
(Found: C, 48-2; H, 7-3; N, 10-1. C,,H, 9O,N,S requires C, 47-8; H, 7-3; N, 10-1%). 

On being kept for a few hours, a clear cold nitromethane solution, saturated with hydrogen 
chloride, deposited long needles of pit-leucine hydrochloride in practically quantative yield. 

N-Thioncarbethoxyglycyl-pL-Phenylalanine (V; R=Et, R’ =H, R” =CH,Ph) was 
obtained in quantitative yield as an oil which crystallised from aqueous acetone and re- 
crystallised from water as clusters of glistening needles, m. p. 74—75° (Found, after drying in 
air at room temperature: C, 51-0; H, 5-8; N, 83. C,gH,,0,N,S,1H,O requires C, 51-2; 
H, 6-1; N, 85%). 

The compound underwent, as above, ready degradation in nitromethane solution. 

N-Thioncarbethoxy-pi-leucylglycylglycine, obtained as an oil in 93% yield, afforded crystal- 
line material from ether-light petroleum (b. p. 40—60°). Recrystallisation from nitromethane 
gave clusters of fine needles, m. p. 126—127° (Found: C, 46-7; H, 6-6; N, 12-4. C,,;H,,;0,;N,S 
requires C, 46-8; H, 7-0; N, 12-6). 

When hydrogen chloride was bubbled through a clear nitromethane solution of the compound, 
glycylglycine hydrochloride soon appeared first as an oil which solidified. 

N-Thioncarbo-n-butyloxyglycylglycine (V; R = Bu", R’ = R” = H) was prepared as above 
from glycylglycine (0-132 g.) and O-n-butyl methyl xanthate (0-70 g.) in the presence of 5N- 
sodium hydroxide (0-22 c.c., 1-1 mol.). Recrystallised from ether-light petroleum (b. p. 40— 
60°) it had m. p. 84—85° (Found: C, 43-6; H, 6-5; N, 11-2. C,H,,0,N,S requires C, 43-5; 
H, 6-5; N, 11-3%). 

The degradation of this compound was carried out as in the case of the corresponding 
N-thioncarbethoxy-derivative in warm nitromethane solution and the terminal glycine after 
recovery showed contamination with polypeptides. 

N-Thioncarbo-n-butyloxyglycylglycylglycine, prepared in 82% yield as above and recrystal- 
lised from nitromethane, had m. p. 152—153° (Found : C, 43-3; H, 6-5; N, 13-9. C,,H,,0,N,S 
requires C, 43-3; H, 6-3; N, 13-8%). 

The degradation was carried out as for the foregoing compound in warm nitromethane 
solution and was accompanied by the formation of slight colour. 

Reaction of Di-Alanylglycine with Sodium 1 : 2-Naphthaquinone-4-sulphonate and Attempted 
Oxidative Degradation.—To a solution of DL-alanylglycine (0-146 g.) in N-sodium hydroxide 
(1 c.c.) was added sodium 1 : 2-naphthaquinone-4-sulphonate (0-26 g.), and the intense red 





[1952] Khorana: Peptides. Part III. 2081 


solution thus obtained was kept for 24 hours. The red product was extracted with n-butanol 
after acidification of the contents with hydrochloric acid. An aqueous solution of the red 
substance was shaken with freshly precipitated silver oxide, the red colour disappearing almost 
completely. Similar treatment with dilute hydrogen peroxide followed by addition of silver 
oxide to remove excess of hydrogen peroxide also caused the disappearance of the colour. The 
aqueous solutions were examined by paper chromatography and pL-alanylglycine and traces of 
glycine were found to be present. The oxidation in water and aqueous acetic acid with sodium 
perbismuthate and lead tetra-acetate in glacial acetic acid also gave rather similar results. 

Attempted Reaction of Sodium Dithioformate with Amino-acids.—An aqueous solution of 
sodium dithioformate (1-24 g.) and pi-alanine (0-445 g.) in the presence of an equivalent amount 
of sodium hydroxide was kept for 48 hours. No appreciable reaction occurred and the major 
product isolated was a polymer of dithioformic acid. Varying the conditions of pH did not 
materially alter this result. Similarly, no reaction was observed between pi-phenylalanine or 
glycine and the above mentioned reagent. 

N-2-Cyanoethyl-pi-alanylglycine and its Attempted Degradation.—A mixture of an aqueous 
solution of pt-alanylglycine (0-292 mg.) containing sodium hydroxide (N; 2 c.c.) and acrylo- 
nitrile (0-12 g.) was shaken for 24 hours; the oily layer disappeared almost completely. After 
one extraction with ether the clear solution was acidified to Congo-red with hydrochloric acid 
and concentrated im vacuo. Addition of ethanol followed by cooling afforded N-2-cyanoethyl-pL- 
alanylglycine as a mass of fine needles in 70% yield. Two further recrystallisations from hot 
ethanol gave material with constant m. p. (150°) (Found : C, 48-2; H, 6-6; N, 21-2. C,H,,0,N, 
requires C, 48-2; H, 6-6; N, 21-1%). 

An aqueous solution of the foregoing compound was stable in dilute hydrochloric acid 
solution. Treatment of the substance with n-alkali at room temperature, and sodium methoxide 
in boiling toluene resulted in the formation of glycine among some other products which were 
detected on a paper chromatogram (phenol : water). Higher concentrations of alkali caused the 
degradation of pi-alanylglycine itself. A solution of the cyanoethyl derivative in dimethyl- 
formamide was stable in the presence of triethylamine. 
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387. Peptides. Part III.* Selective Degradation from the 
Carboxyl End. The Use of Carbodi-imides. 
By H. G. KHORANA. 

Reaction of carbodi-imides with N-acylpeptides and subsequent alkaline 
degradation of the resulting acylureas of the type (III) have been examined 
as a possible method for the selective degradation of peptides from the end 
bearing a free carboxyl group. Although effective in certain cases, the 
degraded peptides thus obtained tend to be contaminated with the starting 
materials regenerated from the acylureas by simple hydrolysis. 

Mechanisms for the reaction between carbodi-imides and carboxylic acids 
and for the alkaline degradation of N-acylureas are discussed. 


No completely satisfactory procedure exists for degradation of peptides from the end 
bearing the free carboxyl group although several approaches have been made (Bergmann 
and Zervas, J. Biol. Chem., 1936, 118, 341; Bettzieche and Menger, Z. physiol. Chem., 
1926, 161, 37; Chibnall and Rees, Biochem. J., 1951, 48, xlvii; Fromageot, Jutisz, Meyer, 
and Pénasse, Biochim. Biophys. Acta, 1950, 6, 283). All suffer from the disadvantages 
that the terminal amino-acid is not recovered as such and the conditions employed 
for degradation are often too severe. The last objection also applies to Schlack and 
Kumpf’s method (Z. physiol. Chem., 1926, 154, 125; see also Watson and Waley, /., 
1951, 2394, and Tibbs, Nature, 1951, 168, 911) which appears to be the best of those hitherto 
reported. The present paper deals with our own efforts to devise a practical method for 
the above-mentioned purpose. 
* Part II, preceding paper. 
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It seems clear that in principle two conditions outlined in the preceding paper must be 
satisfied. First, a reagent should be attached to the terminal carboxyl group under mild 
conditions and, secondly, in a subsequent distinct step, the terminal peptide bond should 
be selectively cleaved by interaction with the elements of the attached reagent. Aromatic 
carbodi-imides (1; R = p-tolyl, p-dimethylaminopheny], etc.) appeared to be the reagents of 
promise. They react readily with carboxylic acids at room temperature, giving usually 
the acylureas (II) (Zetzsche et al., Ber., 1938, 71, 1088, and many subsequent papers). 
It appeared possible that the similar addition compounds derived from peptides (e.g., III; 
R = p-tolyl) might decompose in presence of alkali to remove the terminal amino-acid 
residue as a hydantoin (e.g., 1V; R = p-tolyl). 

CO 
R-N:C:NR R'NH-’CO-NR HN NNR 
may on H,C——COo 

(I) (II) (IV) 


The carboxy] group of peptides was set free for reaction with carbodi-imides by combin- 
ation of the amino-group with a benzoyl or a 2 : 4-dinitrophenyl residue. Benzoylglycyl- 
glycine reacted in absolute ethanol with di-p-tolylcarbodi-imide at room temperature, to 
give an excellent yield (over 85%) of the acylurea (III; R = #-tolyl). Highly crystalline 
derivatives (VIII—XII) of several dipeptides (see Table) were similarly prepared. Their 
alkaline degradation was followed by paper chromatography of the acylamino-acids 
liberated. 

The acylurea (II1; R = #-tolyl) although quite stable to acid was rapidly and com- 
pletely degraded at room temperature by 0-01N-sodium hydroxide in 75° aqueous ethanol 
to benzoylglycine and a crystalline insoluble neutral product, C,,H,,O,N,. Like the 
expected hydantoin, C,9H;)O,N,, this substance was hydrolysed by barium hydroxide to 
glycine and #-toluidine and was shown to be N’-p-tolylcarbamylglycine /-toluidide (V; 
R = p-tolyl) by direct comparison with a specimen prepared from #-tolyl isocyanate and 
glycine p-toluidide (VI; R = p-tolyl). The water content of the solvent had an important 
effect on the reaction. In anhydrous ethanol containing one equivalent of sodium ethoxide 
simple ethanolysis took place at 0° producing di-p-tolylurea (VII) and the ethyl ester of the 
benzoyldipeptide. In ethanol containing less than 25°% of water mixtures of products 
were obtained corresponding to simultaneous degradation (a) and hydrolysis (6). 

R-NH-CO-NR NHBz-CH,°CO,H 
‘co + 
NHBz-CH,°CO*-NH\, / ; 
(III) ch, R‘NH-CO-NH-CH,-CO‘NHR ~(V) 


4 


y | 
NHBz-CH,*CO-NH:-CH,°CO,H R-NCO + H,N-CH,°CO-NHR 
+ R*NH-*CO-NHR  (yII) (VI) 


The acylureas derived from benzoylglycyl-DL-valine and benzoylglycyl-pL-phenyl- 
alanine (VIII and IX respectively) were also degraded by 0-01N-sodium hydroxide in 75% 
aqueous ethanol to benzoylglycine, slightly contaminated with the original benzoyldi- 
peptides. The terminal amino-acids (DL-valine and DL-phenylalanine) were recovered 
after alkaline hydrolysis of the respective neutral crystalline ‘‘ cleavage products ’’ (XIII) 
possibly contaminated with small amounts of by-products of type (XIV). 


Acylureas, R'“NH*CHR”-CO‘NH-CHR'CO-NR-CO-NHR. 

R R’ R” _ R R’ 
(VIII) p-CsHyMe_ Bz H Pri (XV) p-C,H,yNMe,... Bz 

(IX) 7 és H CH,Ph (XVI) s osc” te 

5 ” Me H (XVIII) cycloHexyl 

es Bui H (XTX) o 

DNP * Me H 

* DNP = 2: 4-dinitrophenyl. 
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The competing hydrolytic reaction (6) was more prominent in degradation of the 
acylurea (X) derived from benzoyl-pDi-alanylglycine. Treatment with alkali in 75% 
aqueous ethanol afforded approximately equimolar quantities of benzoyl-pL-alanine and the 
original dipeptide derivative. Even in 40%, aqueous ethanol the ratio of these products 
was no better than 3 : 1 and this result could not be appreciably improved by other modific- 
ations in the reaction conditions. Similar behaviour was shown by the derivatives (XI 
and XII). 


NHBz-CH,°CO-NH-CHR”CO-NH-C,H,Me NHR-CO-NH-CHR”CO-NHR 
(XIV) (XIII; R = p-C,H,Me, R’ = Pr! or CH,Ph) 
(XVII; R = p-C,HyNMe, R’ = H) 


In further attempts to avoid simple hydrolysis, the basicity of the nitrogen atoms in 
the acylureas was increased through the use of bis-f-dimethylaminophenyl- and dicyclo- 
hexyl-carbodi-imide. However, the acylureas (XV and XVI) prepared from the former 
reacted rather analogously to the corresponding tolyl compounds (III and X); the terminal 
glycine residue was cleaved, presumably as (XVII). The use of dicyclohexylcarbodi-imide 
gave distinctly better results but this advantage was offset by the less convenient preparation 
of the adducts (XVIII and XIX); as recommended by Zetzsche and his co-workers (Ber., 
1939, 72, 1735) this was carried out by the portionwise addition of the benzoylpeptides to 
a boiling pyridine solution of the carbodi-imide. 

Finally, an unsymmetrical carbodi-imide was used to prepare an acylurea containing 
nitrogen atoms of unequal basicity. It seemed probable that a compound of type (XX) 


7 Nn. NC» gy, NHCONY 
K€ prucon C2 <2 
NHBz-CH,CO-NH-CH,‘CO NHBz-CH,-CO-NH-CH,CO 


(XX) (XXI) 
would be more likely to undergo degradation rather than simple hydrolysis. However, as 
shown below the adduct derived from N-cyclohexyl-N’-phenylcarbodi-imide and benzoy]- 
glycylglycine proved to be the isomeric acylurea (X XI) which on alkaline treatment gave 
the expected mixture of benzoyl] derivatives of glycine and glycylglycine. 

Purely chemical interest, however, resides in the reaction of carboxylic acids with 
unsymmetrical carbodi-imides. The neutral fraction from the reaction mentioned above 
was a mixture of N-cyclohexyl-N’-phenylurea and (N-cyclohexylcarbamy])glycine anilide, 
C,H,,"NH-CO-NH:’CH,°CO-NHPh, identical with a specimen prepared from cyclohexyl 
isocyanate and glycine anilide. This substance must have arisen from (X XI); the isomer 
(XX) would have given phenylcarbamylglycine cyclohexylamide. 

Di-p-tolylcarbodi-imide appeared from the sum of these results to be the reagent of 
choice. It was therefore applied to the benzoyl derivatives of the two accessible tripeptides, 
pi-leucylglycylglycine and glycylglycylglycine, which afforded the expected acylureas 
(XXII and XXIII) in excellent yields. (XXII) was degraded in ca. 40% aqueous ethanol 

NHR:CO-NR (XXII; R = p~-C,H,Me, R’ = Bu') 
NHBz-CHR’-CO-NH‘CH,-CO-NH-CH,-CO (XXIII; R = p-C,H,Me, R’ = H) 
almost entirely to benzoyl-pi-leucylglycine and (V). However, (XXIII) and alkali gave, 
in addition to a trace of the original tripeptide, benzoylglycylglycine and benzoylglycine 
in approximately equal amounts. The insoluble neutral product of degradation proved to 
be mainly a mixture of (V) and a compound C, gH,,0,N, which is assigned the structure 

(XXIV) (see scheme). 
mia’ FN NHBz‘CH,CO-NH-CH,‘CO,H + (V) 


(c) ca. 45% 


(XXIII) > NHBz-CH,CO,H + C,H,Me-NH-CO-[NH-CH,-CO],-NH-C,H,Me (XXIV) 





(b) trace 





NHBz:CH,-CO-[NH-CH,CO},-OH + (VII) 


It is now possible to make some general comments. The procedure of degradation is 
simple and the conditions are mild. For stepwise degradation, contamination of the degraded 
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peptide with the starting material is the chief obstacle. However, it appears to be a con- 
venient and useful way of identifying the terminal amino-acid with a free carboxyl group, 
since hydrolysis of the mixture of “‘ cleavage product ’’ and urea will liberate the terminal 
amino-acid only. All the experiments described have been carried out with the very simple 
peptides at present available in this laboratory ; with more complex peptides complications 
might arise (cf. the two-way cleavage of benzoylglycylglycylglycine). The slight variations 
in the results of the alkaline cleavage of the acylureas studied show, in general, that the 
course of the degradation is influenced by the nature of the amino-acids forming the terminal 
peptide bond or bonds. Some modifications of the fundamental technique might be 
necessary in the case of peptides with varying solubility characteristics. Anhydrous 
pyridine appears to be a suitable solvent for dinitrophenyl and benzoylpeptides even 
though its use in the present cases has not been necessary. Incorporation of the maximum 
possible amount of water into the solvent employed for degradation is advisable. More 
sensitive terminal amino-acids might be recovered more efficiently from the “ cleavage 
product ’’ by acidic hydrolysis than by treatment with barium hydroxide, which causes 
some decomposition (Bremner, Nature, 1951, 168, 518). 

In the reaction of carboxylic acids with carbodi-imides the first step is probably attach- 
ment of a proton to one of the two nitrogen atoms and this is followed by the nucleophilic 
attack of the acid anion at the central carbon atom to form the intermediate (XXV) 
which would give after rearrangement the acylureas of type (II). In the particular case of 


H 
H RN=—C—NR 
+ y 
—— > >, 
RN=C=NR + R-CO, wookd xy, 


— (It) 


an asymmetrical carbodi-imide, addition of the first proton would occur on the more basic 
nitrogen atom and consequently in the final products the acyl group would be attached to 
the less basic nitrogen atom of the original carbodi-imide. This was so with N-cyclohexyl- 
N’-phenylcarbodi-imide. 

With regard to the alkaline cleavage of the acylureas, some interaction between the 
carbonyl group of the substituted ureas and the nitrogen atom of the terminal amino-acid 
must obviously be postulated although its exact nature is at present not clear. The 
“cyclol’’ structures advanced by Stoll et al. (Helv. Chim. Acta, 1951, 34, 1544) for the 
peptide moieties of the ergot alkaloids may be involved as intermediates (XX VI) in the 
degradations of the acylureas and it may be reasonably supposed that the important role 
of water observed in these reactions consists in facilitating the ring formation. If this is so 
then the first step in the alkaline cleavage would be the removal of proton from the alcohol 
(XX VI) to give (XXVII), followed by the addition (this being aided by water) of a proton 
to the imide-nitrogen atom to give (XXVIII). The last would be comparable in lability 
under alkaline conditions with the original acylurea and would be hydrolysed to form the 
products obtained in the degradation. Alternatively, the structure (X XIX) may contribute 
considerably to the resonance hybrid of the acylureas, in which case the degradation 
reaction would proceed by the attack of hydroxyl ion on the carbonyl group of the terminal 
peptide bond accompanied by the electronic shifts shown; attachment of a proton on the 


OH 2D .¥ 
RH a R‘NH—C.—_R _ NHR-CO-N-CHR”CO-NHR 


at~ re) N —i 
%, 
CHR’ 
(XXVI) (XXVII) (XXVIII) 


imide-nitrogen atom would complete the process. Water being a stronger acid than alcohol 
would thus be more effective in promoting the degradation reaction. The behaviour of 
the acylurea (XXIII) derived from benzoylglycylglycylglycine calls for special comment. 
The formation of (V) follows from the mechanism outlined above, whereas (XXIV) may 
arise through the subsequent transformations (XXXII, XX XIII) of the five-membered- 
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ring intermediate (XX XI); an alternative would be the simultaneous formation of an 
eight-mémbered ring-intermediate (XXX). 
R-NH OH OH 


NHBz-CH,-CO-‘N—C—-NR  <— (XXIII) R-NH-C——-NR 
aco Oo oy 


CO—NH—CH, NHBz-CH,CO'NH-CH,CO'N, J O 
(XXX) (XXXI) cH, 
|! ’ 


OH (XXXII) R+NH-CO-N-CH,-CO-NHR 
—sor | 


+ <— R‘NH:C——N-CH,’CO-NHR <— NHBz-CH,-CO-NH-CH,-CO 

(XXIV) 

NHBz-CHyCO"N, fo wv) a . ; 
(XXXII) cH, (V) + Bz-(NH-CH,°CO},-OH 





EXPERIMENTAL 
M.p.s are uncorrected. 

Preparation of Carbodi-imides.—Di-p-tolyl-, bis-p-dimethylaminophenyl-, and dicyclohexyl- 
carbodi-imide were prepared according to Zetzsche ef al. (Ber., 1938, 71, 1512) and Schmidt 
and Seefelder (Annalen, 1950—51, 571, 83). N-cycloHexyl-N’-phenylcarbodi-imide, made by the 
standard method from N-cyclohexyl-N’-phenylthiourea, distilled at ca. 120°/0-5 mm. (Found: 
C, 78:3; H, 8-0; N, 14:2. C,,H,,N, requires C, 78-0; H, 8-1; N, 140%). 

Preparation of Acylureas from Di-p-tolylcarbodi-imide and Benzoylpeptides.—N-(Benzoyl- 
glycylglycyl)-NN’-di-p-tolylurea (III; R = p-tolyl). To benzoylglycylglycine (236 mg.), 
dissolved in warm anhydrous ethanol (ca. 8 c.c.), was added di-p-tolylcarbodi-imide (244 mg., 
1-1 mol.). N-(Benzoylglycylglycyl)-NN’-di-p-tolylurea began to separate within $ hour at room 
temp. and was collected after 24 hours and washed with ether. The yield was 365 mg. (80%). 
The mother-liquors gave on concentration a further crop (30 mg.) of the compound, m. p. 248— 
249°. The product was recrystallised from ethanol and formed long fibrous needles (Found, in 
a sample dried at 80° in a high vacuum for 18 hours: C, 68-2; H, 5-5; N, 12-1. CygH,.O,N, 
requires C, 68-1; H, 5-7; N, 12-2%). 

N-(Benzoylglycyl-DL-valyl)-NN’-di-p-tolylurea (VIII) was prepared by keeping an ethanol- 
ether solution of benzoylglycyl-pL-valine and di-p-tolycarbodi-imide for 24 hours (yield, in two 
crops, 87%); recrystallised from ethanol-ether it formed rosettes of silky needles, m. p. 248— 
250° with previous darkening (Found: C, 69-5; H, 64; N, 11-4. C,,H,,O,N, requires C, 
69-6; H, 6-4; N, 11-2%). 

N-(Benzoylglycyl-pL-phenylalanyl)-NN’-di-p-tolylurea (IX), prepared in ca. 80% yield, 
crystallised from dioxan as clusters of fine needles, m. p. 174—175° (Found, in a sample dried 
for 18 hours at 80° in a high vacuum: C, 72-6; H, 6-2; N, 10-3. C,H ,,O,N, requires C, 72-3; 
H, 5-9; N, 10-2%). 

N-(Benzoyl-pi-alanylglycyl)-NN’-di-p-tolylurea (X).—To a solution of benzoyl-pt-alanyl- 
glycine (250 mg.) in anhydrous ethanol (3 c.c.) was added di-p-tolylcarbodi-imide (244 mg., 1-1 
mol.). After 6 hours the reaction mixture was diluted with ether to complete crystallisation. 
The acylurea (X) was collected after 24 hours and washed with ether (yield, over 90%; m. p. 
160—161° and 198—199° after resolidification) (Found : C, 68-9; H, 6-0; N, 11-9. C,,H,,O,N, 
requires C, 68-6; H, 6-0; N, 11-9%). 

N-(Benzoyl-pi-leucylglycyl)-NN’-di-p-tolyurea (XI), prepared in over 85% yield in two crops, 
crystallised from alcohol-ether as long fibrous needles, m. p. 149—150° followed by resolidific- 
ation and a second m. p. 212—213° (Found, in a sample dried in a high vacuum at 75° for 18 
hours: C, 69-6; H, 6-7; N, 10-6. C,,H,,O,N, requires C, 70-0; H, 6-9; N, 10-9%). 

N-(2 : 4-Dinitrophenyl-pi-alanylglycyl)-NN’-di-p-tolylurea (XII) (yield 82%) crystallised 
from ethanol as long yellow needles, m. p. 123—125° (Found, in a sample dried at 75° for 18 
hours in a high vacuum: C, 57-9; H, 5-1; N, 15-9. C,,H,,O,N, requires C, 58-4; H, 4-9; 
N, 15-7%). 

N-(Benzoyl-pi-leucylglycylglycyl)-NN’-di-p-tolylurea (XXII), prepared from benzoyl-p1- 
leucylglycylglycine (350 mg.) and di-p-tolylcarbodi-imide (250 mg.) in the usual way in 85% 
yield (in two crops), crystallised from ethanol-ether as a mass of fine needles, m. p. 162— 
163° (Found, in a sample dried at 70° in a high vacuum: C, 67-5; H, 615; N, 12-6. 
C3.H;,0;N, requires C, 67-2; H, 6-5; N, 12-3%). 
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N-(Benzoylglycylglycylglycyl)-NN’-di-p-tolylurea (XXIII).—Benzoylglycylglycylglycine (294 
mg.) was dissolved in hot anhydrous ethanol (20 c.c.) and the solution rapidly cooled. Di-p- 
tolylcarbodi-imide (250 mg.) was then added and the clear solution kept for 6 hours. The 
solution was then concentrated to ca. 8 c.c. and set aside for a further 18 hours; addition of 
ether completed the crystallisation. The yield was 430 mg. (85%), and the mother-liquor 
gave more product. When recrystallised slowly from ethanol the urea had m. p. 122—123° 
followed by solidification and a second m. p. 255—260° (decomp.). Rapid crystallisation from 
aqueous ethanol afforded a sample which showed only the second m. p. (Found, in the latter 
sample after drying in a high vacuum at 80°: C, 65-0; H, 5-7; N, 13-7. C,,H,.O;N, requires 
C, 65-2; H, 5:7; N, 13-6%). 

Preparation of the Acylureas from Bis-p-dimethylaminophenylcarbodi-imide.—N-(Benzoyl- 
glycylglycyl)-NN’-bis-p-dimethylaminophenylurea (XV) was prepared as the corresponding urea 
(III), in 80% yield, a further crop being obtained from the mother-liquor. It had m. p. 180° 
and is much less soluble in hot ethanol than is (III) (Found, in a sample dried in a high vacuum at 
75°: C, 64-8; H, 5-9; N, 16-25. C,,H,,0,N, requires C, 65-1; H, 6-2; N, 16-3%). 

N-(Benzoyl-pL-alanylglycyl)-NN’-bis-p-dimethylaminophenylurea (XV1), prepared by the 
standard method in good yield and recrystallised from ethanol, had m. p. 175—176° (Found : 
C, 65-4; H, 6-5; N, 16-0. C,9H,,O,N, requires C, 65-6; H, 6-5; N, 15-9%) 

Preparation of Acylureas of Dicyclohexylcarbodi-imide —N-(Benzoylglycylglycyl)-NN’-di- 
cyclohexylurea (XVIII). When benzoylglycylglycine (236 mg.) was added portionwise to a hot 
ethanolic solution (10 c.c.) of dicyclohexylcarbodi-imide (250 mg., 1-2 mol) during 2 hours, the pro- 
duct proved to be a mixture of the desired urea (XVIII) (ca. 300 mg.) and NN’-dicyclohexylurea 
(65 mg.). They were separated by fractional crystallisation from hot ethanol, the latter com- 
pound being less soluble. The acylurea was, however, practically the entire product when 
pyridine was employed as the solvent and the addition of the benzoyl peptide to a boiling solution 
of the alicyclic carbodi-imide was completed in 45 minutes. After being kept at room temperature 
for 2 hours the clear solution was evaporated to a syrup. The product (377 mg., 86%), crystal- 
lised from alcohol-ether, had m. p. 155—157°. A sample was twice recrystallised from aqueous 
ethanol and formed long slender needles (Found: C, 65-25; H, 8-1; N, 12-7. C,,H3,O,N, 
requires C, 65-15; H, 7-75; N, 12-7%). 

N-(Benzoyl-p.-alanylglycyl)-NN’-dicyclohexylurea (X1X).—This was prepared as described for 
the foregoing acylurea but was presumably contaminated with a small amount of NN’-dicyclo- 
hexylurea and could not be obtained analytically pure owing to its tendency to form a gel in 
various mixtures of solvents. A sample of the gel obtained from aqueous ethanol was dried in a 
high vacuum over phosphoric oxide (Found: C, 66-6; H, 7-8; N, 12-0. Calc. for C,;H;,0,N, : 
C, 65-8; H, 7-9; N, 12-3%). (The degradative experiments described below leave no doubt 
about the identity of the compound.) 

N-(Benzoylglycylglycyl)-N’-cyclohexyl-N-phenylurea (XXI). To a warm ethanolic solution 
of benzoylglycylglycine (118 mg.) was added N-cyclohexyl-N’-phenylcarbodi-imide (115 mg., 
1-1 mol) and the whole was set aside overnight. The solution was filtered from a trace of 
N-cyclohexyl-N’-phenylurea (4 mg.), concentrated im vacuo below 35°, and diluted with ether. 
The urea (XXI) then separated (150 mg. in one crop) as a mass of needles. A further re- 
crystallisation from alcohol—ether did not alter the m. p. (148°) (Found: C, 66-1; H, 6-5; 
N, 12-7. CgsH,gO,N, requires C, 66-0; H, 6-5; N, 12-9%). 

When higher temperatures (50—80°) were used for the preparation of the above acylurea, 
yields were much lower and isolation of the product was difficult. The unsymmetrical carbodi- 
imide appeared to undergo partial polymerisation. 

Degradation of N-(Benzoylglycylglycyl)-NN’-di-p-tolylurea (III).—(a) In acid. An aqueous- 
alcoholic solution (20 c.c.) of (III) (50 mg.) was kept in N-hydrochloric acid (5 c.c.) for 2 hours at 
room temperature. The starting material was recovered unchanged. Similarly, no degradation 
occurred at 50° in dilute acid solution. 

(b) In alkali. The acylurea (III) (57 mg.) was dissolved in aqueous ethanol (75%; 20 c.c.) 
by warming and the solution cooled rapidly. 0-1N-Sodium hydroxide (2 c.c., ca. 1-5 mol.) 
was added under agitation and the solution set aside for 10 minutes during which crystals 
rapidly appeared. The contents were then neutralised with dilute hydrochloric acid to pH 6 
and the solvent was removed under a vacuum. The residue was treated with a few c.c. of 
dilute sodium hydrogen carbonate solution, and the insoluble crystalline material collected. 
The clear filtrate after acidification and concentration in vacuo to a small volume (0-5 c.c.) 
deposited long needles (16 mg., 72%), m. p. 180—182° undepressed on admixture with authentic 
benzoylglycine (when mixed with benzoylglycylglycine, 164—168°). 
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The insoluble “ cleavage product,’’ p-tolylcarbamylglycine p-toluidide (V) (34 mg., ca 90%), 
recrystallised from absolute ethanol, had m. p. 239—240° (Found, in a sample dried at 120° in 
a high vacuum for 18 hours: C, 68-7, 68-7; H, 6-7, 63; N, 14-3. C,,H,,O,N, requires C, 
68-7; H, 6-5; N,14-1%). Whenthe compound (5 mg.) was heated in aqueous barium hydroxide 
(0-2N; 2 c.c.) at 150° for 6 hours and the mixture then saturated with carbon dioxide, boiled, 
and filtered from the insoluble matter, glycine was shown to be present in the clear filtrate by 
paper chromatography in the solvent systems (phenol—H,O) and (n-butanol : acetic acid : water, 
4:1: 5). 

In numerous experiments carried out before the above satisfactory procedure, the effects of 
temperature and alkali concentration, and the role of the solvent, were investigated. Higher 
temperature and excess of alkali caused coloration and unspecific decomposition of the acylurea. 
In experiments in absolute alcohol a variable mixture of benzoylglycine and the original peptide 
was obtained, and (V) was mixed with NN’-di-p-tolylurea. 

(c) In anhydrous ethanol with sodium ethoxide. Sodium ethoxide (15 mg.) in anhydrous 
ethanol (2 c.c.) was added during 45 minutes to the acylurea (III) (57 mg.) in the same solvent 
(10 c.c.) at —10°. The clear solution was then diluted with water and neutralised with dilute 
hydrochloric acid. After removal of the solvent im vacuo the residue was diluted with water, 
and the insoluble product collected. It had m. p. 258—260° after recrystallisation from ethanol, 
undepressed on admixture with authentic NN’-di-p-tolylurea. The clear aqueous filtrate fur- 
nished practically pure benzolyglycylglycine after alkaline hydrolysis of the ethyl] ester. 

Degradation of N-(Benzoylglycylglycyl)-NN’-bis-p-dimethylaminophenylurea (XV).—This was 
carried out as described in (b) above. Benzoylglycine was obtained iu 70% yield and p-di- 
methylaminophenylcarbamylglycine p-dimethylaminoanilide (XVII) in practically quantitative 
yield. Recrystallisation from dilute alcohol afforded fine needles, m. p. 237—238° (Found : 
C, 64-0; H, 6-8; N, 19-9. C,,H,,O,N, requires C, 64-0; H, 7-1; N, 19-7%). 

Degradation of N-(Benzoylglycylglycyl)-NN’-dicyclohexylurea (XVIII).—Degradation in 75% 
ethanol also afforded pure benzoylglycine and cyclohexylcarbamylglycinecyclohexylamide. A 
trace of NN’-dicyclohexylurea was removed by washing with a small amount of cold acetone in 
which only it dissolved. The amide separated from hot acetone in long shinipg needles, m. p. 
234° (Found: C, 64-2; H, 9-8; N, 14-75. C,,H,,O,N, requires C, 64-0; H, 9-7; N, 14-9%). 

Degradation of N-(Benzoylglycylglycyl)-N’-cyclohexyl-N-phenylurea (XXI).—By the above 
procedure (b) an approximately equimolar mixture of benzoylglycine and benzoylglycylglycine 
was obtained. The mixture was resolved by paper chromatography (ascending technique) in 
n-butanol-ammonia, and the constituent acids were located by their purple fluorescence in ultra- 
violet radiation (benzoylglycine, Rp 0-225; benzoylglycylglycine, Ry 0-144). Authentic samples 
were used as markers. The insoluble neutral “ cleavage product ’’ was washed with a small 
amount of cold acetone. The insoluble portion, recrystallised from aqueous alcohol, had 
m. p. 208° undepressed on admixture with cyclohexylcarbamylglycine anilide described below. 

Degradation of N-(Benzoylglycyl-pi-valyl)- and N-(Benzoylglycyl-pL-phenylalanyl)-NN’-di-p- 
tolylurea (VIII and IX).—On treatment of these compounds with alkali in aqueous ethanol a 
faint yellow colour was formed. In both cases the acid obtained proved to be mostly benzoyl- 
glycine (Ry in n-butanol-ammonia, 0-192), contaminated with traces of benzoylglycyl-pL- 
valine (Rp, 0-32) and benzoylglycyl-pi-phenylalanine (Ry, 0-37). The ‘ cleavage products,”’ 
presumably (XIII; R = Pr! and CH,Ph), after recrystallisation from aqueous ethanol were 
hydrolysed with barium hydroxide (0-25N) at 150° for 6 hours and afforded pi-valine and pDL- 
phenylalanine which were identified by paper chromatography. In both cases, a small amount 
of a ninhydrin-reacting substance (probably glycine) with lower Ry, value was also detected on 
the chromatogram. Authentic pL-phenylalanine when heated with barium hydroxide under 
identical conditions also showed the formation of the slow-travelling substance. 

Degradation of N-(Benzoyl-p.-alanylglycyl)ureas.—-N-(Benzoyl-DL-alanylglycyl)-N N’-di-p- 
tolylurea (X) afforded a mixture of benzoyl-pL-alanylglycine and benzoyl-pL-alanine in approx. 
equal amounts, separated readily by paper chromatography (n-butanol—-ammonia) (benzoyl-DL- 
alanylglycine, Ry 0-183; benzoyl-pL-alanine, R, 0-282). 

When the degradation was carried out in 40% aqueous ethanol, the ratio of benzoylalanine 
to the recovered dipeptide was approx. 3:1. The “ cleavage product ’”’ (V) admixed with 
NN’-di-p-tolylurea gave on hydrolysis with barium hydroxide glycine which was identified by 
paper chromatography. 

Degradation of N-(benzoyl-pL-alanylglycyl)-N N’-bis-p-dimethylaminophenylurea (XVI) 
gave a result similar to the above. The “cleavage product’’ was a mixture of (XVII) and 
NN’-bis-p-dimethylaminophenylurea. 
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Degradation of N-(benzoyl-pL-alanylglycyl)-N N’-dicyclohexylurea (IX) in aqueous ethanol 
(40%) at 10° in the usual way yielded a mixture of the original peptide and benzoyl-p1-alanine, 
the latter being the main product (ca. 80%). Many variations of temperature and mode of the 
addition of alkali did not make it possible to eliminate completely the formation of benzoyl- 
DL-alanylglycine. 

In one experiment the acylurea (60 mg.) was dissolved in phenol (1-5 g.) and N-sodium 
hydroxide (0-2 c.c.) was added. The clear solution was kept for 20 minutes and the phenol 
removed by “ freeze-drying.’’ The residue was diluted with water and filtered from the insoluble 
material which presumably contained some starting material. Paper chromatography of the 
clear aqueous solution after acidification and concentration revealed mainly the original dipeptide. 

Degradation of N-(2: 4-dinitrophenyl-pL-alanylglycyl)-NN’-di-p-tolylurea (XII) and N- 
(benzoyl-pL-leucylglycyl)-NN’-di-p-tolylurea (XI) in aqueous ethanol (40%) furnished, as 
above, mixtures of the respective original and degraded peptides. 

Degradation of N-(Benzoyl-p.-leucylglycyiglycyl)-NN’-di-p-tolylurea (XXII).—Treatment in 
aqueous ethanol (40%) with alkali afforded practically pure (V); the degraded acid (benzoyl- 
pL-leucylglycine; Ry, in n-butanol-ammonia, 0-51) showed only a very slight contamination 
with the original peptide (Rp, 0-38). 

Degradation of N-(Benzoylglycylglycylglycyl)-NN’-di-p-tolylurea (X XIII).—The usual method 
furnished mixed “‘ acids ’’ which were separated by paper chromatography (n-butanol—-ammonia). 
Benzoylglycylglycylglycine (Rp, 0-077) was present only in traces, whereas benzoylglycylgly- 
cine (Rp, 0-124) and benzoylglycine (Rp, 0-192) were found to be in approximately equal 
amounts. The mixture of the insoluble ‘‘ cleavage products ’’ was treated with hot ethanol. 
The soluble portion contained mainly (V), and the insoluble fraction, p-tolylcarbamylglycylglycine 
p-toluidide (XXIV), was recrystallised from glacial acetic acid containing a little water to give a 
mass of fine needles, m. p. 248—250° (Found, in a sample dried at 100° in a high vacuum for 
18 hours: C, 64-6; H, 6-2; N, 16-1. C,gH,,.O,N, requires C, 64-4; H, 6-3; N, 15-8%). 

Synthesis of p-Tolylcarbamylglycine p-Toluidide (V).—Phthaloylglycine was converted into 
the acid chloride (Sheehan and Frank, J. Amer. Chem. Soc., 1949, 71, 1856) which was added in 
chloroform to a stirred solution in the same solvent of p-toluidine (2-5 mol.), giving a heavy 
precipitate. Chloroform was removed in vacuo and the residue washed with dilute hydrochloric 
acid. Phthaloylglycine p-toluidide crystallised from 2-ethoxyethanol as long needles, m. p. 262° 
(Found: C, 69-7; H, 4:7; N, 9-4. C,,H,,O,N, requires C, 69-4; H, 4:8; N, 9-6%). 

Glycine p-Toluidide (V1).—The foregoing compound (5-88 g.) was suspended in ethanol, and 
hydrazine hydrate (100% w/v; 1-1 c.c.) was added. The whole was heated under reflux for 2 
hours and the solvent removed in vacuo. Treatment of the solid cake with warm dilute hydro- 
chloric acid for 4 hour and removal of the insoluble phthalhydrazide afforded the hydrochloride 
from which glycine p-toluidide (VI) was liberated by ammonia. Recrystallisation from benzene— 
light petroleum (b. p. 40—60°) gave plates, m. p. 105—107° (Found, in a sample sublimed at 
90°/10 mm: C, 65-4; H, 7-1; N, 17-2. CyH,,ON, requires C, 65-85; H, 7-4; N 

When the benzene solutions containing equivalent amounts of freshly distilled p-tolyl iso- 
cyanate and glycine p-toluidide were mixed, p-tolycarbamylglycine p-toluidide (V) separated 
in quantitative yield. Recrystallised from ethanol it had m. p. 240° undepressed by a sample 
obtained from the alkaline cleavage of N-(benzoylglycylglycyl)-NN’-di-p-tolylurea (III; R= 
p-tolyl). 

cycloHexylcarbamylglycine Anilide.—cycloHexyl isocyanate was made by addition of 
cyclohexylamine to an excess of carbonyl] chloride in dioxan, followed by removal of the solvent 
and distillation of the product (admixed with NN’-dicyclohexylurea) over phosphoric oxide (cf. 
Skita, Ber., 1920, 58, 1242). Glycine anilide was prepared according to the directions of Sheehan 
and Frank (J. Amer. Chem. Soc., 1949, 71, 1856). On the addition of a benzene solution of 
glycine anilide (1-5 g.) to a solution in the same solvent of cyclohexyl isocyanate (1-25 g.), cyclo- 
hexylcarbamylglycine anilide separated in practically quantitative yield. Recrystallised from 
ethanol it formed long shining needles, m. p. 208—209° (Found: C, 65°35; H, 7-6; N, 15-5. 
C,,H,,O,N, requires C, 65-4; H, 7-7; N, 15-3%). 


The author is indebted to Professor A. R. Todd, F.R.S., for his kind encouragement, Dr. 
G. W. Kenner for helpful discussions throughout this work, and the Nuffield Trust for the award 
of a fellowship and grants for chemicals and apparatus. 
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388. The Compounds of Alkylamines with Esters of Azodicarboxylic 
Acid. 


By G. W. KENNER and R. J. STEDMAN. 


The adducts of dimethylamine and benzylmethylamine with diethyl and 
dibenzyl azodicarboxylate are rather unstable substances, to which structures 
of type (I) are assigned. In contrast the compounds formed from trimethy]l- 
amine and diethyl azodicarboxylate, and from benzyldimethylamine and 
dibenzyl azodicarboxylate, are relatively stable and are formulated as (II; 
R! = Et, R* = R? = Me, R* = H) and (II; R! = R* = CH,Ph, R* = Me, 
R* = H) respectively, in agreement with Diels’s suggestion. The amounts 
of formaldehyde and benzaldehyde liberated on acid hydrolysis of these six 
compounds have been determined. 


In his classical work on azodicarboxylic acid (‘N-CO,H), Diels investigated the reactions 
of its esters with amines. He showed that, whereas amides are formed from primary 
alkylamines (Diels and Fritzsche, Ber., 1911, 44, 3018), primary arylamines give either 
triazan addition compounds, ¢.g., with aniline (I; R! = Et, R? = H, R* = Ph), or products 
of electrophilic substitution of the azo-group into the aromatic nucleus, ¢.g., with naphthyl- 
amines (Diels, Annalen, 1922, 429, 1). The secondary and tertiary alkylamines and 
alkylarylamines were found to give compounds corresponding in composition to the addition 
of one molecule of amine to one of azo-ester. Despite much experimental work with these 
adducts (Diels and Paquin, Ber., 1913, 46, 2000; Diels and Fischer, Ber., 1914, 47, 2043), 
Diels did not finally elucidate their structure. The principal evidence collected was that 
of acidic hydrolysis to an aldehyde, the correspondingly monodealkylated amine, and the 
hydrazo-ester. This was readily accommodated by structures of type (II), which were 
therefore favoured by Diels although the less conventional alternatives (III) and (IV) were 
also considered possible for the derivatives of tertiary amines. Interest in some 
possibilities arising out of Diels’s work has led us to continue it; the additional results 
enable us to assign structures to these adducts of secondary and tertiary alkylamines. 


NR?R*N-CO,R! = NR?R**CHR*N-CO,R! y-——N-CO,R' ——- R“CHINR*R*-N-CO,R? 

R“CH,—NR?*R® | 
NH-CO,R? NH-CO,R? \——=N-CO,R! HN-CO,R? 
(I) (II) (IIT) (IV) 


The adducts listed in the table were prepared by Diels’s method, viz., addition of the 
amine in portions to a boiling ethereal solution of the azodicarboxylic ester. Their 
hydrolysis was carried out in boiling 2N-sulphuric acid, with the results shown. In 
our hands, the most satisfactory of the various methods for specific colorimetric estimation 
of formaldehyde was the use of acidic Schiff’s reagent according to Blaedel and Blacet 
(Ind. Eng. Chem. Analyt., 1941, 18, 449). Benzaldehyde was determined gravimetrically 
as its 2:4-dinitrophenylhydrazone (Mouton, Chem. Abs., 1939, 33, 5128), which was 
easily separated from 2 : 4-dinitrophenylhydrazine and the formaldehyde derivative by 
chromatography on silica (Roberts and Green, Ind. Eng. Chem. Analyt., 1946, 18, 335). 
Although this method gave good results for benzaldehyde, the values for formaldehyde 
were always lower than those obtained colorimetrically. We estimate the error in 
determination of benzaldehyde through the dinitrophenylhydrazone and of formaldehyde 
through acidic Schiff’s reagent to be less than 10% in each case. 

The adducts 1, 2, 4, and 5, derived from secondary amines, gave aldehydes in relatively 
low yields which varied with the conditions of hydrolysis. Moreover, in their preparation 
the yellow colour of the azo-ester is never completely discharged. The question therefore 
arises whether the production of aldehydes on acid hydrolysis indicates a structure of 
type (II), as supposed by Diels, or can also be explained by a labile triazan structure (I) 
(cf. Cooper and E. H. Ingold, J., 1926, 1894). A plausible scheme is depicted below 

6s 
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for the acid-catalysed decomposition of (V), i.e., compound 5 formulated as dibenzyl 
1-benzyl-1-methyltriazan-2 : 3-dicarboxylate (I; R! = R® = CH,Ph, R® = Me). 


Mols., %, of aldehydes 
Adduct from : liberated by acid : 


Amine Azodicarboxylate M. p. CH,O Ph-CHO 

SII cx actanavecdawetiaciectienerts Diethyl 92-5—93° * f¢ 
eet tree tere Dibenzyl 98 * 
oe ree ee , Diethyl — 
(4) Benzylmethy] saunytnenseaen Diethyl 42—48 * 
(5) Benzylmethyl ‘ Dibenzyl 93—94 * 
(6) Benzyldimethyl Dibenzyl 84—85-5 

* With decomposition. }{ Diels and Paquin (loc. cit.) record m. p. 95°. 

+ Estimated from the total weight of dinitrophenylhydrazone by subtraction of the amount of 

formaldehyde derivative. 


Addition of a proton to the amine nitrogen regenerates the amine and dibenzyl azodi- 
carboxylate, which is easily destroyed by acid; secondary amine was in fact detected in 
the acid hydrolysate of compound 1. On the other hand, addition of a proton to the 
central nitrogen liberates the hydrazo-ester and a cation which can lose a proton from 
either of two carbon atoms; the resulting Schiff’s bases can then hydrolyse to benzaldehyde 
and methylamine or to benzylamine and formaldehyde. It is noteworthy that both 
aldehydes were obtained from adduct 5, apparently a single substance, although it might 
be argued that they arose by a dissociation and recombination process during the hydrolysis : 
CH,Ph:NHMe:N-CO,°CH,Ph H+ CH,Ph*NMe-N-CO,°CH,Ph H+ CH,Ph*NMe*:NH:CO,°CH,Ph 

; NH-CO,-CH,Ph * NH-CO,-CH,Ph ~ NH-CO,-CH,Ph 
(V) | —H+ 


| i | H,O 


or T 
N-CO,°CH,Ph CH,Ph:NH, + HCHO! = NH-CO,-CH,Ph 


CH,Ph-NHMe + N-CO,°CH,Ph Ph-CHO + NH,Me \ NH:CO,°CH,Ph 


Adduct 4 likewise gave both aldehydes, but the amorphous character of this compound 
leaves its homogeneity more open to question. The failure to detect benzaldehyde on 
hydrolysis of 2 and 6 shows that it does not arise from the benzyl ester groups in 5. These 
experiments then support the formulation of all the adducts from secondary amines as 
triazans of type (I). 

Acid hydrolysis of compounds 3 and 6, derived from tertiary amines, gave high yields 
of formaldehyde, which were unaffected by variation in the experimental conditions. 
Similarly, the adduct of dimethylaniline and diethyl azodicarboxylate (Diels and Fritzsche, 


H,O 
(II) ——» NHR*R* + R“CHO + (‘-NH-CO,R!), 


loc. cit.) was found to give a quantitative yield of formaldehyde. These adducts are 
relatively stable; 3 was purified by high-vacuum distillation at 100°, and the yellow 
colour of the azo-ester is completely discharged in their preparation. They are therefore 
satisfactorily represented by Diels’s structure (II). No matter which nitrogen atom in 
this structure is originally attacked by a proton, its acid hydrolysis can lead only to 
hydrazo-ester, dealkylated amine, and a single aldehyde. Only formaldehyde was obtained 
on acid hydrolysis of the benzyldimethylamine adduct 6, which must be dibenzyl N-(benzy]- 
methylaminomethyl)hydrazine-NN’-dicarboxylate (II; R!= R*? = CH,Ph, R* = Me, 
R* =H). Whether an isomer (Il; R! = CH,Ph, R? = R? = Me, R* = Ph) existed in the 
liquors of its preparation was a point not settled by our experiments. 

The assignment of structures of types (I) and (II) to the adducts derived from secondary 
and tertiary amines respectively requires that all these compounds should contain a single 
NH group. This was confirmed by determination of the active hydrogen content of 
compounds 1, 5, 6, and that from dimethylaniline and diethyl azodicarboxylate. In 
addition the infra-red spectra of compounds | (in Nujol suspension) and 3 (in thin film) 
showed NH peaks at 3-10, 6-58 and 3-04, 6-62 u, respectively. The carbonyl band of 
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compound | was resolved into a double peak at 5-70 and 5-92 y, in agreement with a triazan 
structure and consequent differentiation of the two ester groups, whereas the spectrum of 3 
showed a single broad band at 5-80 u. Neither compound had selective absorption in the 
ultra-violet above 220 mu. 

Further confirmatory data were obtained by a study of the pyrolysis of adducts 1 and 3. 
Diels and Paquin (loc. cit.) described the pyrolysis of compound 1 (from dimethylamine) 
under two sets of conditions. Rapid heating at atmospheric pressure gave principally 
NN’-dimethylhydrazine, whereas careful decomposition under 30 mm. pressure yielded 
ethyl dimethylcarbamate amongst other substances. The complexity of these 
decompositions is clear from Diels and Paquin’s work and it is therefore not surprising 
that we were unable to reproduce the second experiment, on which our attention was 
focused. Decomposition in boiling toluene, however, gave dimethylamine, identified as 
its picrate, and diethyl hydrazine-N N’-dicarboxylate. Ethyl dimethylcarbamate did result 
in small yield from the pyrolysis of compound 3 (from trimethylamine), a reaction not 
investigated by Diels; neither carbon monoxide nor diazomethans, which we considered 
as possible accompanying products, could be detected. In our view these decompositions, 
despite their obscure character, provide evidence that both compounds | and 3 contain 
the dimethylamino-group, as required by the structures diethyl 1 : 1-dimethyltriazan-2 : 3- 
dicarboxylate (I; R!= Et, R? = R* = Me) and diethyl N-(dimethylaminomethyl)- 
hydrazine-NN’-dicarboxylate (II; R! = Et, R? = R® = Me, R* = H), respectively. 

The first step in the reaction between an amine and an ester of azodicarboxylic acid is 
presumably co-ordination of the basic nitrogen atom with the electrophilic azo-group. 
The resultant dipolar ion can then yield a stable structure either directly by migration of 
a proton in the case of secondary amines, or in two steps through an Ylide rearrangement 
(Wittig, Angew. Chem., 1951, 63, 15; Hauser and Kantor, J. Amer. Chem. Soc., 1951, 73, 
1437) in the case of tertiary amines. The latter mechanism is substantially identical with 
that postulated by Bohme and Krause (Ber., 1951, 84, 170) for the reaction between 
halogens and tertiary amines; the adducts (II) correspond to the «-halogenated amines 
which were too unstable to be isolated. 

The preparation of azodicarboxylic esters has commonly been achieved by nitric acid 
oxidation of the corresponding dialkyl hydrazine-NN’-dicarboxylates (Curtius and 
Heidenrich, Ber., 1894, 27, 773; Diels and Fritzsche, loc. cit.; C. K. Ingold and Weaver, 
J., 1925, 127, 378), but the method is rather uncertain and restricted in application. 
Chlorine in aqueous solution has been used as an alternative to nitric acid (Rabjohn, 
J. Amer. Chem. Soc., 1948, 70,118; Org. Synth., 1948, 28,58; Miiller and Petersen, Angew. 
Chem., 1951, 63, 18). By means of bromine in aqueous acetic acid we were able conveniently 
to prepare diethyl, dibenzyl, and di-f-nitrobenzyl azodicarboxylates. The first two 
compounds were used in the work already described, but the last did not yield the expected 
highly crystalline adducts. Moreover, the preceding reaction between p-nitrobenzyl 
chloroformate and hydrazine was unsatisfactory owing, presumably, to reduction of the 
nitro-groups by hydrazine (cf. von Rothenburg, Ber., 1893, 26, 2060; Curtius, J. pr. Chem., 
1907, 76, 233; Huang-Minlon, J. Amer. Chem. Soc., 1948, 70, 2802). The diaryl hydrazine- 
NN’-dicarboxylates were not accessible through the corresponding reaction with aryl 
chloroformates; free phenols were isolated from the reaction mixtures. 


EXPERIMENTAL 
M. p.s are corrected. 


Diethyl Azodicarboxylate.—The following procedure is alternative to that of Rabjohn (Org. 
Synth., 1948, 28, 58). Bromine (12-3 c.c.) was added during } hour to an ice-cooled suspension 
of diethyl hydrazine-NN’-dicarboxylate (35-2 g.; Rabjohn, Joc. cit.) in water (250 c.c.), After 
a further } hour, the product was extracted by ether (400 c.c.), which was washed at 0° 
successively with water, sodium carbonate solution, very dilute sodium thiosulphate solution 
(the product is unstable to thiosulphate), and water before being dried (CaCl,). The orange 
oil, remaining after evaporation of the ether through a short fractionating column, was distilled 
at 60—70°/0-1 mm. (22 g., 63%). 

Dibenzyl Hydrazine-NN’-dicarboxylate.—Potassium hydroxide (57 g.) in water (40 c.c.) was 
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added cautiously to a hot solution of hydrazine sulphate (65 g.) in water (500 c.c.). Potassium 
sulphate was then precipitated by addition of ethanol (400 c.c.), removed from the cold mixture 
by filtration, and washed with ethanol (100 c.c.). Benzyl chloroformate (74 g., approx. 75% 
pure) was added to the combined filtrate and washings, which were boiled under reflux during 
34 hours before distillation of part (700 c.c.) of the solvent. Addition of water (1 1.) to the 
remaining solution afforded a crude solid which was pure enough for the next reaction after a 
single recrystallisation from carbon tetrachloride (34-9 g., 70%; m. p. 106—106-5°). The 
pure ester was obtained as prisms by two recrystallisations from benzene and one from water 
and had m. p. 106-5° on slow heating (fusion and resolidification at ca. 85° on rapid heating) 
(Found, in material dried at 60°: C, 63-9; H, 5-4; N, 9-7. C,gH,,O,N, requires C, 64-0; 
H, 5-4; N, 9-3%). 

Dibenzyl Azodicarboxylate.—Dibenzyl hydrazine-NN’-dicarboxylate (12 g.) was shaken 
during 3 hours with a solution of bromine (7-0 g.) in 50% aqueous acetic acid (130 c.c.). The 
yellow powder (10-2 g.), which separated when the mixture was poured into water (1 1.), was 
recrystallised from light petroleum (b. p. 40—66°; 850c.c.); it had m. p. 46—47° (8-2 g., 69%). 
Recrystallisation from ether and then from acetone gave pure dibenzyl azodicarboxylate, orange 
plates, m. p. 46-5—47° (Found: C, 64-8; H,4:8; N, 9-8. C,,H,,0,N, requires C, 64-4; H, 4-7; 
N, 9-4%). 

Di-p-nitrobenzyl Hydrazine-NN’-dicarboxylate-——A mixture of p-nitrobenzyl chloroformate 
(4:31 g.; Thiele and Dent, Annalen, 1898, 302, 258) and hydrazine hydrate (1-50 g.) in dioxan 
(60 c.c.) was kept for $ hour, during which it became cloudy, before the addition of much 
water. The precipitated oil solidified rapidly and was recrystallised from ethanol (1-45 g., 
37%; m. p. 168—170°). After two further recrystallisations as colourless long prisms the 
ester had m. p. 170-5—172-5° (Found, in material dried at 80°: C, 49-3; H, 3-4; N, 14-0. 
C,,H,,O,N, requires C, 49-2; H, 3-6; N, 14-4%). 

Di-p-nitrobenzyl Azodicarboxylate.—The above hydrazo-ester (1:17 g.) was stirred during 
1} hours with a solution of bromine (10 c.c.) in acetic acid (70 c.c.) and water (30 c.c.). The 
mixture was diluted to 1 1. with water, and the pale yellow solid collected (0-94 g., 80%; m. p. 
145—147°). The di-p-nitrobenzyl azodicarboxylate recrystallised from acetone in pale yellow 
prisms, m. p. 146-5—147-5° (Found: C, 49-9; H, 3-3; N, 14:5. C,gH,,0,N, requires C, 49-5; 
H, 3-1; N, 144%). 

Diethyl 1 : 1-Dimethyltriazan-2 : 3-dicarboxylate (I; R! = Et, R? = R* = Me) (Adduct 1).— 
This substance, prepared as by Diels and Paquin (loc. cit.) and recrystallised from ether, had 
m. p. 92-5—93° (Found: active H, 0-45. Calc. for CgH,,0O,N,: active H, 0-46%). 

Dibenzyl 1: 1-Dimethyltriazan-2 : 3-dicarboxylate° (I; R!=CH,Ph, R?* = R® = Me) 
(Adduct 2).—An ethanolic solution of dimethylamine (1-80 c.c. of 25% w/v) was added to a 
solution of dibenzyl azodicarboxylate (2-98 g.) in boiling ether (5 c.c.). The evolution of heat 
and diminution in the colour indicated reaction. The orange syrup remaining on evaporation 
of solvent from the mixture, which had been kept for 1 hour at 20°, crystallised from ethereal 
solution on addition of light petroleum (b. p. 40—60°). Two further recrystallisations from 
ether then afforded the adduct as colourless plates, m. p. 98° (decomp.) (Found: C, 63-4; H, 
6-0; N, 12-5. C,,H,,O,N, requires C, 63-0; H, 6-2; N, 12-2%). 

Diethyl (Dimethylaminomethyl)hydrazine-NN’-dicarboxylate (II; R! = Et, R? = R* = Me, 
R* = H) (Adduct 3).—On slow addition of an ethanolic solution of trimethylamine (17-8 g. of 
34:7% w/w) to a solution of diethyl azodicarboxylate (17-4 g.) in boiling ether (35 c.c.), heat 
was evolved, and the orange colour was rapidly and completely discharged. The mixture was 
kept for 1 hour at 20° before evaporation under reduced pressure to an almost colourless syrup, 
which was distilled from glass-wool at 110—115°/0-5 mm. (bath-temp. 170°). A small quantity 
of diethyl hydrazine-NN’-dicarboxylate, m. p. 132—133°, separated from a solution of this 
syrup in acetone. The adduct itself was obtained by fractional distillation during 6 hours at 
16+ mm. along a 60-cm. tube (5-mm. bore) encased in a lagged copper tube, which fitted into 
the heating block maintained at 100°. It travelled further from the heater than the crystalline 
hydrazo-ester and was a colourless oil (Found: C, 45-5; H, 7-8; N, 18-0. C,H,,0O,N, requires 
C, 46:3; H, 8-2; N, 18-0%). 

Diethyl 1-Benzyl-1-methyltriazan-2 : 3-dicarboxylate (I; R! = Et, R? = CH,Ph, R* = Me) 
(Adduct 4).—A solution of benzylmethylamine (1:21 g.; Wegler and Frank, Ber., 1936, 69, 
2074) in ethanol (3 c.c.) was added slowly to a solution of diethyl azodicarboxylate (1-74 g.) in 
boiling ether (4 c.c.). The mixture was kept at room temperature during 1 hour before 
evaporation of the solvent. The adduct was obtained from the resultant deep yellow syrup, by 
seeding at —5° with solid from a previous batch, as a pale yellow solid, m. p. 42—48°, which 
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readily decomposed with evolution of benzaldehyde and could not be further purified (Found : 
C, 56-1; H, 7-2; N, 15:3. C,,H,,O,N, requires C, 56-9; H, 7-2; N, 14:2%). 

Dibenzyl 1-Benzyl-1-methyliriazan-2 : 3-dicarboxylate (1; R! = R* =CH,Ph, R®*® = Me) 
(Adduct 5).—Benzylmethylamine (1-21 g.) was added dropwise to a boiling solution of dibenzyl 
azodicarboxylate (2-98 g.) in ether (7 c.c.), whereupon a vigorous reaction took place with some 
diminution in the orange colour. After being left for 1 hour at 20° the mixture was diluted with 
ether (5 c.c.), seeded with crystals, obtained by addition of light petroleum (b. p. 40—60°) toa 
portion of the solution, and kept at —15° during 24 hours. The adduct (1-29 g., 31%; m. p. 
90—92°) was twice recrystallised from ether and light petroleum (b. p. 40—60°), forming small 
colourless needles, m. p. 93—94° (Found : C, 68-4; H, 5-9; N, 10-0; active H, 0-27. C,,H,,;O,N, 
requires C, 68-7; H, 6-0; N, 10-0; active H, 0-24%). 

Dibenzyl N-(Benzylmethylaminomethyl)hydrazine-N N’-dicarboxylate (II; R! = R? = CH,Ph, 
R* = Me, R* = H) (Adduct 6).—Benzyldimethylamine (2-70 g.), prepared from benzylamine, 
formic acid, and formaldehyde, following the directions of Icke, Wisegarver, and Alles (Org. 
Synth., 1945, 25, 89, for NN-dimethyl-2-phenylethylamine), was added dropwise to a solution of 
dibenzyl azodicarboxylate (5-96 g.) in boiling ether (12 c.c.), which was rapidly decolorised. 
The solution was kept during 1 hour at 20° and then overnight at —15°. Recrystallisation of 
the deposited material from ether gave a colourless solid, m. p. ca. 75° (1-13 g.), two further 
recrystallisations of which afforded a small quantity of the pure ester, m. p. 84—85-5° (Found, 
in material dried at 40°: C, 69-1; H, 6-1; N, 9-6; active H, 0-24. C,,;H,,O,N, requires C, 
69-3; H, 6-3; N, 9-7; active H, 0-23%). 

Diethyl N-(Methylanilinomethyl)hydrazine-NN’-dicarboxylate.—The reaction between di- 
methylaniline and diethyl azodicarboxylate is very slow in boiling ether; Diels and Fritzsche’s 
directions (loc. cit.) were therefore modified by carrying it out in dioxan during 3 hours at 100°. 
The product was crystallised from ether; it had m. p. 75—76° (Found: active H, 0-35. Calc. 
for C,,H,,O,N,: active H, 0-34%). Its hydrolysis by 2N-sulphuric acid gave 97% of the 
theoretical quantity of formaldehyde. 

Determination of Formaldehyde produced on Acid Hydrolysis of the Adducts.—A solution of 
Schiff’s reagent was prepared by adding sodium metabisulphite (5-15 g.), and then after 
} hour 6N-hydrochloric acid (17 c.c.), to a solution of magenta (0-5 g.) in water (500 c.c.), and 
kept for 2 days before use. Colour intensities were measured with a Spekker photometer 
(blue filter) 4 hours after the reagent (10 c.c.) had been mixed with the formaldehyde solution 
(10 c.c.) and 75% sulphuric acid (2-4 c.c.). The formaldehyde concentration was then obtained 
from the almost linear calibration curve, constructed by dilution to 0-001—0-004% of a standard 
formaldehyde solution (ca. 0-1%, estimated by dimedone according to Meyer, ‘“‘ Nachweis und 
Bestimmung Organischer Verbindungen,” Springer, Berlin, 1933, p. 48). 

The adducts (ca. 50 mg.) were hydrolysed with boiling 2N-sulphuric acid (10 c.c.) during 
4 hour before steam-distillation. The distillate (ca. 35 c.c.) was then diluted to an appropriate 
volume (50 or 100 c.c.) before colorimetric estimation. After neutralisation with sodium 
carbonate, the hydrolysate of Adduct 1 gave a positive Simon test (Schneider, ‘ Qualitative 
Organic Microanalysis,’’ Wiley, New York, 1947, p. 189) for secondary amines with sodium 
nitroprusside and acetaldehyde. Primary amines were not detected in the hydrolysate of 
Adduct 3 by the Rimini test (Schneider, op. cit.), viz., treatment with sodium nitroprusside 
and acetone after neutralisation. 

Determination of Benzaldehyde produced on Acid Hydrolysis of the Adducts.—A mixture of the 
adduct (ca. 120 mg.), water (10 c.c.), and concentrated sulphuric acid (0-5 c.c.) was boiled during 
1} hours, cooled, and filtered. The precipitated solid was washed with 1% ethanol (30 c.c.). 
To the combined filtrate and washings were added 2 : 4-dinitrophenylhydrazine solution (30 c.c. 
of 1% in 15% sulphuric acid) and concentrated sulphuric acid (5c.c.). The yellow precipitate, 
which separated from the solution during 15 hours at —5°, was washed by decantation with 
water (4 portions of 10 c.c.) and dried in a vacuum (P,Q,). 

The crude dinitrophenylhydrazones were dissolved in benzene (10 c.c.) and adsorbed on a 
column (16 x 3 cm.) of silica (sieved through 80-mesh), which was then washed with benzene. 
The first orange band consisted of the benzaldehyde derivative, m. p. 238—240° undepressed 
by an authentic specimen, m. p. 240—242°. The formaldehyde derivative, m. p. 162—164° 
undepressed by an authentic specimen, m. p. 165—167°, formed the next, well-separated yellow 
band. A little orange material remained at the top of the column. The yields of formaldehyde 
derivative obtained by this method from adducts 2, 5, and 6 were 24, 4-4, and 63%, respectively. 

Decomposition of Diethyl 1: 1-Dimethyltriazan-2 : 3-dicarboxylate (Adduct 1) in Boiling 
Toluene.—A solution of the adduct (2 g.) in toluene (35 c.c.) was boiled under reflux during 
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3 hours, whilst a slow stream of nitrogen (washed with sulphuric acid) was bubbled through the 
solution, a trap cooled in liquid oxygen, and finally ammoniacal silver nitrate solution (from 3 g. 
of silver nitrate, 350 c.c. of 8% sodium hydroxide solution, and 63 c.c. of 8° aqueous ammonia). 
The toluene solution rapidly became yellow; there was no darkening of the silver solution to 
indicate any evolution of carbon monoxide (Manchot and Lehmann, Ber., 1931, 64, 1261). 
When a mixture of the contents of the liquid-oxygen trap and a boiling solution of picric acid 
(0-5 g.) in ethanol (14 c.c.) was cooled, crystals of dimethylamine picrate separated (0-37 g.; 
m. p. 159° undepressed by an authentic specimen). Diethyl hydrazine-N N’-dicarboxylate 
(0-33 g.; m. p. 130—132° undepressed by an authentic specimen) crystallised during distillation 
of the toluene in a stream of nitrogen. No dimethylamine could be detected on boiling of 
the toluene distillate with potassium hydroxide in aqueous 2-ethoxyethanol. 

Pyrolysis of Diethyl N-(Dimethylaminomethyl)hydrazine-NN’-dicarboxylate (Adduct 3).— 
The crude adduct (11-5 g.) was heated with a free flame in a stream of nitrogen, whereupon rapid 
darkening occurred. The almost colourless mobile distillate (5-3 g.) was fractionally distilled 
through a 6-cm. vacuum-jacketed Vigreux column, yielding 3 c.c., b. p. ca. 67—82°, and 1-53 g., 
b. p. ca. 125—141°; these temperatures were not the true b. p.s owing to the very slow rate of 
distillation. Redistillation of the second fraction yielded ethyl dimethylcarbamate, b. p. 
147-5° (corr.) (Siwoloboff method), }? 1-4175 (Found: C, 51:7; H, 9:2; N, 11-8. Cale. for 
C5H,,0O,N: C, 51-3; H, 9-5; N, 12-0%). An authentic specimen of ethyl dimethylcarbamate 
had b. p. 147-5° (corr.), nj}? 1-4171. On repetition of the pyrolysis on a smaller scale (1-8 g.), 
no diazomethane could be detected in the distillate by means of p-nitrobenzoic acid (Marshall 
and Acree, Ber., 1910, 48, 2323), nor did ammoniacal silver nitrate solution (cf. preceding 
experiment) reveal the evolution of carbon monoxide. 


The authors are grateful to Professor A. R. Todd, F.R.S., for his interest in this work, to 
Dr. R. N. Haszeldine for the infra-red spectra, determined with a Perkin-Elmer model 21 
instrument, and to the Department of Scientific and Industrial Research for a Maintenance 
Grant (R. J. S.). 
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389. Homolytic Aromatic Substitution. Part II.* Competitive Experi- 
ments on the Phenylation of Benzene, Nitrobenzene, Chlorobenzene, 
and Pyridine. Partial Rate Factors for Nitrobenzene. 


By D. R. Aucoop, D. H. Hey, and GARETH H. WILLIAMs. 


Competitive experiments have been carried out on the action of phenyl 
radicals derived from benzoyl peroxide on all of the combinations in pairs of 
the four compounds, benzene, nitrobenzene, chlorobenzene, and pyridine. 
In this manner a series of rate ratios has been derived, which, coupled with 
the results reported in Part I on the orienting influence of the nitro-group in 
homolytic substitution, provides values for the partial rate factors for the 
phenylation of nitrobenzene at each nuclear position. The reaction with 
pyridine proceeds at approximately the same rate as does the reaction with 
benzene, the reaction with chlorobenzene about 1-3 times faster, and that 
with nitrobenzene about four times as fast. The implications of these results 
are discussed. 


(1) Introduction. 


(I. 1) Atms and Scope of the Work.—The determination of the ratio of isomerides pro- 
duced when nitrobenzene is attacked by aryl radicals (phenyl, £-tolyl, and -bromophenyl) 
was reported in Part I.* A complete knowledge of the influence of any atom or group on 
the substitution reactions of an aromatic structure in which this atom or group is present 
involves a knowledge, not only of the so-called directing influence of that atom or group, 
i.e., the ratio of isomerides produced, but also of its activating or deactivating influence. 
Any investigation of directing influences should logically, therefore, involve a parallel 

* Part I, Hey, Nechvatal, and Robinson, /., 1951, 2892. 
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investigation of activating or deactivating influences. In this manner the influence of a 
substituent atom or group on the homolytic substitution process may be completely 
specified in terms of “ partial rate factors,’’ a concept introduced in 1927 in a study of 
heterolytic aromatic substitution by Ingold and Shaw (J., 1927, 2918; see also Ingold, 
Lapworth, Rothstein, and Ward, J., 1931, 1959), who pointed out (see also Ingold and Smith, 
J., 1938, 905; Bird and Ingold, J., 1938, 918) that two lines of approach to such a problem 
are possible, namely, the direct measurement of the velocity constants for attack on the 
substituted and unsubstituted compounds, and the competitive method, whereby the ratio 
of the velocity constants for attack on two compounds is obtained by analysis of the mixed 
product obtained when a mixture of the two compounds of known composition is allowed 
to react, in homogeneous solution, with a limited quantity of the substituting agent. The 
ratio of the velocity constants is equal to the ratio of the amounts of the two products 
formed from an equimolar mixture of the two components, provided that two conditions 
are satisfied. First, the excess of the two components over the attacking reagent must be 
sufficiently large so that the molar composition of the mixture is not appreciably disturbed 
by the unequal rates of disappearance of the two components : it is possible (Ingold and 
Shaw, Joc. cit.) to make a correction for this factor in the calculation of the rate ratio, but 
such a correction is unnecessary if a sufficient excess of the two components is employed. 
Secondly, the reactions leading to the formation of the two products must be of the same 
kinetic order. This is the basis of Wegscheider’s test for simultaneous side reactions of 
the same order. 

The direct kinetic approach is possible only when, of the various reaction stages, the 
one in which the actual substitution is effected is very much slower than any other, 1.¢., 
when this stage is rate-determining. This is not so in any of the reactions leading to the 
production of aryl radicals, which have so far been studied kinetically. The decom- 
position of benzoyl peroxide has been the subject of a number of kinetic investigations 
(Brown, J. Amer. Chem. Soc., 1940, 62, 2657; 1948, 70, 1208; Cuthbertson, McClure, 
and Robertson, Canad. J. Res., 1942, 20, B, 103; Nozaki and Bartlett, J. Amer. Chem. 
Soc., 1946, 68, 1686; 1947, 69, 2299: Cass, zbid., 1946, 68, 1976; Hartman, Sellers, and 
Turnbull, ibid., 1947, 69, 2416; Bawn and Mellish, Trans. Faraday Soc., 1951, 47, 1216), 
which indicate that the homolytic fission of the central O—O bond, leading to the formation 
of two benzoyloxy-radicals, is the rate-determining stage, although the kinetics are com- 
plicated by various side-reactions. The decomposition of acylarylnitrosamines has also 
been studied by several groups of workers (Grieve and Hey, J., 1934, 1797; 1935, 689; 
Butterworth and Hey, /J., 1938, 116; Haworth and Hey, /J., 1940, 361; Hey, Stuart-Webb, 
and Williams, Research, 1951, 4, 385; Huisgen and Horeld, Annalen, 1949, 562, 137; 
Huisgen, ibid., 1951, 578, 163; Huisgen and Nakaten, ibid., p. 181; DeTar, J]. Amer. 
Chem. Soc., 1951, 73, 1446), and in this case it appears that the rate-determining stage is 
the cationotropic rearrangement of the acylarylnitrosamine to its corresponding diazo- 
acetate, itself a heterolytic reaction. Of other reactions which lead to the production of 
aryl radicals one, the decomposition of arylazotriarylmethanes, has not been studied 
kinetically, although such a study is feasible; while the decomposition reactions of the 
diazoic acids and of the 3 : 3-dialkyl-l-aryltriazens are conducted in a two-phase system 
and, hence, are not suitable for kinetic study. 

In cases where direct kinetic data have not been available, the competitive method has 
in the past been used with conspicuous success (Ingold and Shaw, Joc. cit., and J., 1949, 
575; Ingold, Lapworth, Rothstein, and Ward, Joc. cit.; Ingold and Smith, Joc. cit.; Bird 
and Ingold, loc. cit.; Bordwell and Rohde, J. Amer. Chem. Soc., 1948, 70, 1191). More- 
over, when the direct kinetic data have subsequently become available, the agreement 
between the results obtained by the two methods has been very satisfactory (Hughes, 
Ingold, and Reed, J., 1950, 2400, and subsequent papers). In view of the difficulties 
mentioned above, it is apparent that the only satisfactory method of obtaining information 
concerning relative rates of attack by aryl radicals is by the use of the competitive method. 

Five reactions which may be used as sources of phenyl radicals have been surveyed in 
Part I (loc. cit.). Of these, two (the triazen reactions and the diazoic acid decomposition, 
generally referred to as the Gomberg reaction) are conducted in two-phase systems, and 
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their behaviour will therefore be governed partly by purely mechanical factors, such as 
rates of stirring, which are not capable of exact specification. The decomposition of aryl- 
azotriarylmethanes is not suitable, because in certain cases (e.g., with nitrobenzene itself) 
anomalous results are obtained (Hey, /J., 1934, 1966), which are thought to be due to the 
presence in solution of the stable triphenylmethyl radical. The decomposition of acyl- 
arylnitrosamines, while giving rise to almost quantitative yields of nitrogen, gives yields 
of the diaryl which rarely exceed 50° (cf. Bachmann and Hoffman, ‘‘ Organic Reactions,” 
John Wiley & Sons, New York, 1944, Vol. II, pp. 253 et seg.). Thus the fate of more than 
half of the phenyl radicals is unknown, and a large uncertainty is introduced into any 
quantities derived from product analyses. Competitive reactions have, however, been 
performed by Huisgen and Sorge (private communication), using this source of phenyl 
radicals. Comparison of their results with those reported in the present communication, 
and in the present authors’ preliminary publication (Research, 1951, 4, 386), reveals a high 
measure of agreement. 

Consideration of the difficulties mentioned above led to the choice of benzoyl peroxide 
as the source of the phenyl radical in the reactions now described. The yields reported 
in preparative experiments are, in general, much higher for this reaction than for the 
others mentioned, and in the present work it has frequently been found possible to account 
for 85—90%, of the reagent as identified products. 

It is proposed to extend this work to include other aryl radicals, such as tolyl, bromo- 
phenyl, and nitrophenyl. It is also intended to carry out competitive experiments with 
other sources of aryl radicals, although any results obtained in this way are of necessity 
less reliable and should be regarded only as supplementary to those obtained with the 
benzoyl peroxides. 

(I. 2) General Methods.—The four compounds, benzene, nitrobenzene, chlorobenzene, 
and pyridine, were taken in pairs and allowed to compete for phenyl radicals. The analytical 
problem involves an estimation of the proportions in which the two binuclear products are 
formed. The fraction of the product containing the diphenyl and substituted diphenyls 
was, in most cases, capable of quantitative isolation by careful distillation of the mixture, 
provided that certain unwanted products (benzoic acid and aryl benzoates) were removed 
before distillation. This wasaccomplished by saponification with aqueous alkali, followed by 
extraction with benzene. The analysis of the mixture of diaryls is facilitated if one of the 
components of the solvent mixture is nitrobenzene, since it was found possible to deter- 
mine the nitrodiphenyls in these products accurately by titration with titanous chloride. 
Thus the rate of attack of phenyl radicals on a compound PhX compared with the rate of 
attack on nitrobenzene, the quantity designated as prno.K, could generally be deter- 
mined. The activating, or deactivating, influence of the group X, however, is expressed 
by the quantity pinX, the rate of attack on PhX compared with the rate of attack on 
benzene. This quantity can be determined provided that the influence of the nitro-group, 
t.e., the quantity PosK, is known. Thus 

pan = pro x “put 

Competitive experiments designed to determine SK directly proved, however, 
unsatisfactory, because the difference in boiling point between diphenyl and nitrobenzene 
was too small to allow a complete separation of these two fractions to be made by distil- 
lation. Some diphenyl was inevitably lost at this stage, leading to high values for the 
rate-ratio *’;\¢iK. The results of these experiments, in which steps were taken with 
varying degrees of success to prevent the loss of diphenyl, are quoted in Section (II. 3) 
and provide a maximum value for eK. 

Two indirect determinations of *’}9;K were made. In the first, chlorobenzene was 
used as the intermediate compound, 1.e., phy and *"\0:K were measured: and in the 


second, pyridine was used in place of chlorobenzene. The quantity pr was determined 


by isolating the mixed diary] fraction, and analysing it by means of a micro-Carius 
° ° ° h-NO. ° ° es ° ° 
determination of chlorine. * phot was determined in a similar manner, but in this case 
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the Carius estimation was confirmed by a titanous chloride titration. The experiments 
with pyridine involved separation of the mixture before distillation into neutral and basic 
fractions by acid extraction. These two fractions were distilled and weighed. The 
agreement between the results obtained by the two methods is good, and provides a 
value for *’ 393K which is sufficiently accurate to allow the use of nitrobenzene as a sub- 
standard in other competitive experiments. 


(Il) Experimental Methods and Results. 

(II. 1) Saponification.—Synthetic mixtures containing known quantities of benzoic acid, 
p-nitrophenyl benzoate, and phenyl benzoate, in addition to diphenyl, nitrodiphenyls, p-di- 
phenylbenzene, and nitrobenzene, were refluxed with 100 ml. of aqueous sodium hydroxide of 
various strengths for 24 hours. The unsaponified material was extracted with benzene, and the 
aqueous portion titrated against standard hydrochloric acid, with phenolphthalein as indicator. 
A blank control solution was similarly treated. The proportion of the sodium phenoxide (and 
nitrophenoxide) which is titrated under these conditions can be calculated from the acid dis- 
sociation constants of phenol and p-nitrophenol, and a correction applied to the results. The 
percentage of the esters which has been saponified can then be calculated. It was found that 
the esters were saponified quantitatively by 1-5—-2N-aqueous sodium hydroxide on refluxing for 
24 hours. This procedure was therefore adopted in the competitive experiments. 

(II. 2) Analytical Methods.—For the estimation of the nitrodiphenyls, Kolthoff and Robin- 
son’s method (Rec. Tvav. chim., 1926, 45, 169) was used with some modifications. This method 
involves the reduction by titanous chloride of the solution of the nitro-compounds buffered to 
pH 5-9 by the addition of trisodium citrate. The buffer is then destroyed by the addition of 
concentrated hydrochloric acid, and the excess of titanous chloride is estimated by titration 
with ferric alum, ammonium thiocyanate being used as indicator. The whole operation is 
conducted in an atmosphere of carbon dioxide. Titanous chloride (~ N/20) was stored in an 
automatic burette under hydrogen. Ferric alum (~ N/30) was similarly stored under carbon 
dioxide. The solutions were standardised against p-nitroaniline in acetone solution. 

By the titration of solutions prepared to simulate the solutions that would be obtained from 
competitive experiments, the following procedure was evolved, which was used in all estini- 
ations and standardisation : 30 ml. of aqueous trisodium citrate (20% w/v solution, containing 
1% of sodium hydrogen carbonate) were placed in the titration flask, and to it were added 
acetone (10 ml.) and the acetone solution (20 ml.) containing the nitro-compounds. The 
mixture was saturated with carbon dioxide by passage of the gas for 25 minutes. The titanous 
chloride solution (20 ml.) was then added from the burette, the mixture being shaken during 
the addition. The mixture was kept at room temperature for 10 minutes while reduction took 
place, at the end of which time the brownish-green colour of the titanous chloride—sodium 
citrate complex which is formed at this pH had faded. Concentrated hydrochloric acid (20 ml.) 
was added to destroy the buffer, and the solution was then pale violet in colour. Ferric alum 
was added from the burette until the colour was discharged, whereupon ammonium thiocyanate 
(5 ml.; 10%) was added. The titration was continued until a permanent pink colour denoted 
the end-point. Approximately 0-05N-titanous chloride was employed, and the concentration 
of the nitro-compounds was adjusted so that 20 ml. of this solution provided a convenient 
excess for back-titration. The solution was made up from 100 ml. of 13% titanous chloride 
solution (May & Baker) by dilution with 75 ml. of hydrochloric acid and 1500 ml. of water. The 
(~ N/30) ferric alum solution was prepared by dissolving ‘“‘ AnalaR ’’ reagent (42 g.) in water 
(2500 ml.) to which had been added sulphuric acid (245 g.; 136 ml.). 

Two methods were investigated for the estimation of the chlorodiphenyls (Schwenk, Papa, 
and Ginsberg, Ind. Eng. Chem. Anal., 1943, 15, 576; Bird and Ingold, Joc. cit.), but neither 
yielded satisfactory results. Finally, micro-Carius estimations (by Messrs. Weiler and Strauss) 
were used. 

(II. 3) Direct Determination of eK —In all the competitive experiments reported in 
this paper (unless otherwise stated) benzoyl peroxide (6 g.) was allowed to decompose in an 
equimolar mixture (200 ml.) of the two components kept at 80° in a thermostat for 72 hours. 
The reaction vessels were 250-ml. flasks with ground-glass joints, to which were fitted Liebig 
condensers and calcium chloride guard-tubes. The nitrobenzene—benzene runs were worked up 
according to the following procedure: (i) When the reaction was complete, the benzene and 
nitrobenzene fractions were removed by distillation through a 25-cm. helix-packed column, the 
jacket of which was electrically heated. (ii) The benzene was returned to the flask, and the 
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dark red mixture poured through a short alumina column. By this means much of the tar 
was removed. The benzene was then removed from the eluate by distillation. (iii) The 
residual 10—15 ml. of mixture were then subjected to the saponification procedure described in 
Section (II. 1). (iv) The mixture was thoroughly extracted with benzene and the extracts 
were dried over calcium chloride for 12 hours. (v) The remaining tarry material was removed 
by pouring the mixture through a 15-cm. alumina column. Benzene washings of the calcium 
chloride used in (iv) were used as eluent, and elution was completed with benzene containing 
a little ether. (vi) Solvents were removed by distillation through the small column mentioned 
above, and the residue was quantitatively transferred (benzene being used as wash-liquid) to 
the small fractionation apparatus shown in Fig. 1, where the bulk of the residual nitrobenzene 
was removed at about 15 mm. The 5—8 ml. of mixture remaining were transferred to 
the small distillation apparatus (Fig. 2), and the benzene used in the transference carefully 
removed. The pressure was lowered to 0-1 mm. and two fractions were taken off. The first 
consisted of nitrobenzene, and the second of diphenyl and nitrodiphenyls. It was at this stage 
that errors were incurred due to loss of diphenyl in the nitrobenzene fraction [cf. Section (I. 2)]. 


Fic. 2 Fic. | 














(vii) A weighed portion of the diphenyl-nitrodipheny! fraction was made up to the required 
strength with acetone, and estimated by the procedure recorded in Section (II. 2). 

The results of four such determinations are summarised below. In Expt. 1, stage (ii) in the 
working-up was omitted. In Expt. 11, the benzoic acid was recovered and weighed and, from 
this datum, it is possible to calculate that 73-6% of the benzoyl peroxide is accounted for in 
weighed products. This is a lower percentage than that obtained in most of the later 
experiments and may be due, at least in part, caused by the loss of diphenyl mentioned above. 


Expt. Wt. of diaryl Nitrodi- Ph-NOa 7¢ Expt. Wt. of diaryl Nitrodi- Ph-NO, 

no. fraction( g.) phenyl, % PhH no. fraction (g.) phenyl, % Phu 
1 2-40 “é 3 2-80 87-06 5-2 

2 2-64 96-7 23-3 l 2-85 84°35 4-17 


se PhNOs 7 ~ - 
Hence, *"p,HkK > 4:17. 


K 


(II. 4) Direct Determination of eK. -Expts. 14 and 15 were carried out with an equi- 
molar mixture of benzene and chlorobenzene and were worked up according to the procedure 
described in Section (II. 3), with the following modifications, which were subsequently employed 
in all cases: (a) Stage (ii) was omitted, and the extraction (Stage iv) was carried out from hot 
solution. (b) The final traces of solvent obtained from the distillation (Stage vi) (the ‘‘ fore- 
run ’’) were retained, and analysed for the more volatile diphenyl. A correction was then 
made to the rate-ratio, if this proved necessary. A very small amount (50 mg.) of crystalline 
material separated from the residue after the first distillation. Although the quantity was too 
small to affect the rate-ratio appreciably, and no correction was made for it, the substance was 
investigated and identified as 4: 4’-diphenyldiphenyl (quaterphenyl). In addition, a high- 
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boiling resin was left in the distillation flask after removal of the diphenyl fraction. This was 
thought to consist of a mixture of terphenyls and chlorinated terphenyls, and therefore, 
after purification by chromatography and distillation, it was analysed (Found: C, 
85-5; H, 5-6; Cl, 90%; M, 244. Calc. for 67% C,,H,,Cl + 33% C,,H,,: C, 85-7; H, 5-3; 
Cl, 9-0%; M, 253). This analysis shows that the resin was very probably a mixture of ter- 
phenyl and chloroterphenyls in the molecular ratio of 1: 2. The resin was taken into account 
in the calculation of i, the results for which are given below. 
Cl, %, in (Ph-CO,), 
Expt. Wt. of diaryl Wt. of Wt. of diary] PCl py accounted 
no. fraction (g.) resin (g.) fraction Phu for, % 
14 2-764 ° 1-75 11-2 1-21 85-2 
15 2-661 -5é 1-54 11-9 1-41 81-7 
Hence peak = 131 
(II. 5) Direct Determination of ph-xo,/-—Expts. 12 and 13 were carried out as already 
described, an equimolar mixture of chlorobenzene and nitrobenzene being used. In this case 
it was found that the fore-run contained a very small quantity of chlorodiphenyl, and a correc- 
tion was made for this in the calculation of Prno,it: The results are given herewith. 
Wt. of Corr. wt. Nitro- 
diaryl Nitro- Wt. of Cl, %, Correction of diaryl diphenyl (Ph-CO,), 
Expt. fraction diphenyl, fore-run in (mg. fraction (corr.), PhO! py accounted 
% (g.) fore-run Cl*C,H,Ph)  (g.) A Ph NO, for, ° 
74-99 0-414 0-71 16 3-594 “6! 0-358 83:0 
74-80 0-374 1-07 21 3540 “< 0-364 82-5 


Hence p, Nok = 0-361. 


Oo 


(II. 6) Direct Determination of yiK.—Expts. 16—23 were performed with an equimolar 
mixture of benzene and pyridine. After saponification, the mixture was separated by extrac- 
tion with aqueous hydrochloric acid into neutral and basic portions. These were worked up 
separately, and the weights of diphenyl and of phenylpyridines were obtained. A high-boiling 
residue was obtained from the neutral portion. This was treated in the manner employed for 
the resins described in Section (II. 4). Its composition corresponded fairly closely to that 
required for a mixture containing 60° of terphenyl and 40% of diphenylpyridines (Found: C, 
90-8; H, 7-2; N, 1-4. Calc. for 60% C,sH,, + 40% C,,H,3N: C, 91-7; H, 5-9; N, 2-4%). 
A correction was made for this in the calculation of }{ji/K. The occurrence of diphenyl- 
pyridines in a residue obtained from the neutral portion of the product demonstrates the 
extremely feeble basicity of such compounds. The results are summarised in the following 
table. 

Wt. of phenyl- Wt. of Wt. of Wt. of (Ph-CO,), 

Expt. pyridines diphenyl benzoic acid residue PyH yy accounted 

(g.) (g.) (g.) Phu for, % 
1-096 3°39 0-10 
me 3-30 — 
3°29 — 
é 0-30 
sc _ 0-42 
1-023 —- 0-30 
1-000 — 0-55 
1-090 — 0-53 - 
1-200 1-090 3°33 0-33 1-04 92-4 


1-031 


(II. 7) Direct Determination of Puc K.—Expts. 24—26 were carried out with chlorobenzene 
and pyridine as described in Section (II. 6). Again a high-boiling residue was obtained, which 
was found by analysis to contain about 90% of chloroterphenyls. A correction was made for 
this in the calculation of PX. The results are summarised in the next table. 


Wt. of phenyl- Wt. of chloro- Wt. of Wt. of (Ph:CO,), 
Expt. pyridines diphenyls _ benzoic acid residue PhCl yy accounted 
(g-) (g-) (g-) (g-) _ for, % 
1-017 1-030 3-30 0-42 — — 
1-020 1-140 3°16 0-59 ~- _ 
1-014 1-060 — 0-57 — _ 
1-017 1-078 3°23 0-53 1-15 78-9 
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(II. 8) Direct Determination of ea K.—Expts. 29 and 30 were carried out with nitro- 
benzene and pyridine as described in Section (Il. 6). No residue was found. Experiments 
33 and 34 were performed with the concentration of pyridine and nitrobenzene in the molar 
ratio of 2 to 1. Practically the same value was obtained for Payne: as shown in the next 
table. 

Wt. of phenyl- Wt. of nitro- Wt. of benzoic Ph: NOs jy 

Expt. no. pyridines (g.) acid (g.) PyE 
29 0-540 2-80 — 

30 0-535 “65 2-73 — 
Mean 0-537 2-713 2-77 3°95 
33 0-760 2-022 3-20 — 

34 0-874 2-28¢ 3°12 —_ 
Mean 0-817 2-158 3°16 4-11 


(Ph-CO,), 
accounted for, % 


(II. 9) Reagents.—Nitrobenzene (B.D.H.) was shaken three times with concentrated aqueous 
sodium hydroxide and once with water, steam-distilled, dried (CaCl,), and twice distilled under 
reduced pressure through a 4-ft. helix-packed column (b. p. 51°/0-6 mm.). Benzene (‘‘ AnalaR’’) 
was washed with concentrated sulphuric acid until the washings were colourless, then with 
aqueous sodium hydrogen carbonate, and finally with water. It was then fractionally distilled 
after being dried (CaCl,). Chlorobenzene (B.D.H.) was treated similarly. Pyridine (‘‘ Ana- 
laR ’’) was dried (KOH) and fractionally distilled. p-Nitroaniline was treated with carbon in 
alcohol and crystallised to constant m. p. (147°). 2- and 4-Nitrodiphenyl were prepared by 
nitration of diphenyl (Bell, Kenyon, and Robinson, J., 1926, 1239). 4-Nitrodiphenyl was 
purified by distillation im vacuo and crystallisation from acetic acid to constant m. p. (almost 
colourless needles, m. p. 114°). 2-Nitrodiphenyl was distilled im vacuo, treated with carbon 
in alcohol, and crystallised from light petroleum (b. p. 60—80°) to constant m. p. (36-5°). 
3-Nitrodiphenyl, prepared by means of the Gomberg reaction from m-nitroaniline (Blakey and 
Scarborough, J., 1927, 3000), was purified by distillation im vacuo, and crystallisation from 
ethanol to constant m. p. (60°). Diphenyl (B.D.H.), phenyl benzoate, p-nitrophenyl benzoate, 
and p-terphenyl were treated with carbon in ethanol and crystallised to constant m. p., these 
being 70° (from ethanol—water), 69-5° (from ethanol), 142° (from ethanol), and 209—210° (from 
benzene), respectively. Benzoyl peroxide (May and Baker) was dissolved in chloroform and 
the upper aqueous layer was removed. To the filtered chloroform solution methanol was added 
slowly with constant stirring and the crystalline solid which separated was filtered off after the 
solution had been cooled. After repetition of this procedure the product was dried in a vacuum- 
desiccator over calcium chloride and kept in the dark (m. p. 105°). 


(III) Discussion 


(III. 1) The Mechanism of the Reaction.—The kinetics of the decomposition of benzoyl 
peroxide indicate that in general two types of reaction occur, a unimolecular decomposition 
and an “‘ induced decomposition,’’ wherein molecules of benzoyl peroxide decompose as a 
result of collisions with solvent radicals. This induced decomposition is shown (Nozaki 
and Bartlett, loc. cit.; Cass, loc. cit.; Hartman, Sellers, and Turnbull, loc. cit.) to be of 
least importance with aromatic solvents. Indeed, consideration of the reaction products 
leads to the conclusion that solvent radicals are not formed under these conditions. 
A radical derived by the abstraction of a hydrogen atom from a molecule of the type PhX 
would be expected to behave in a manner essentially similar to a phenyl radical. In 
Part I (loc. cit.), when the ~-bromopheny] radical was used in place of the phenyl radical, 
essentially similar results were obtained. Thus, products derived from the attack of such 
a radical on the solvent would be expected, 7.e., products of the type X°C,H,-C,H,X. It 
is a well-known fact, which is substantiated in the present work, that disubstituted deriv- 
atives of diphenyl are not found when a phenylation reaction is carried out with a mono- 
substituted benzene. Hence, it must be concluded that solvent radicals are not formed in 
any substantial quantity from the aromatic solvents which have been investigated. 

The alternative reaction of phenylation by direct substitution requires the ejection of 
a hydrogen atom from the seat of substitution. Several workers (Wieland et al., Annalen, 
1934, 514, 145; Cohen, J. Polymer Sci., 1947, 2,511; Huisgen and Horeld, loc. cit.) have 
detected quantities of quinhydrone from reactions of the types under discussion when 
benzoquinone was present, thus indicating the presence of hydrogen atoms. In addition, 
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in the course of work to be described in a later paper, the present authors have isolated 
products derived from the reduction of the solvent; e.g., some aniline is formed when the 
reaction is carried out in nitrobenzene solution. 

The entity which brings about the actual phenylation must be either the benzoyloxy- 
radical derived from the fission of the O-O bond in benzoyl peroxide, which loses carbon 
dioxide in the process of its attack on the solvent, or alternatively the phenyl radical 
derived from a benzoyloxy-radical by the loss of carbon dioxide before attack on the 
solvent. The theory of attack by benzoyloxy-radicals requires the simultaneous occur- 
rence of several processes. The carbon dioxide must be detached from the pheny] residue ; 
the solvent residue must become attached to the phenyl group to form what must become 
a diphenyl molecule; and the electron residing in the carboxyl group of the benzoyloxy- 
radical must become transferred to the hydrogen atom which is eliminated from the solvent. 
The formulation of a transition state for such a reaction presents difficulties which cast 
doubt on its feasibility as a possible route for the phenylation process. On the other 
hand, in Part I it is reported that the ratio of isomerides produced in the phenylation of 
nitrobenzene is essentially the same in both the peroxide and the Gomberg reactions. The 
work of DeTar and Scheifele (J. Amer. Chem. Soc., 1951, 73, 1442) shows that this is true 
also for the acylarylnitrosamine reaction. The same close correspondence is shown for 
the p-tolyl and ~-bromopheny] radicals (Part 1). This indicates that the same entity is 
responsible for phenylation in each case. The only such entity which is common to all 
three reactions is the phenyl radical, and hence it is reasonable, in the absence of further 
experimental evidence, to conclude that this is the phenylating agent. 

(III. 2) Partial Rate Factors.—The experimental results reported above on the direct 
measurements of the relative rates of homolytic substitution in benzene, nitrobenzene, 
chlorobenzene, and pyridine are summarised in the table below, where are also given 
derived values for the rate-ratios obtained from either two or three combinations of the 
above results. The general agreement between the derived values and those obtained by 
direct measurement confirms that none of the latter is grossly in error. 

Components : 


Components : 
x Y 4 skykK sK3KUK < 


xX Y SK = soSKSK ss EKGKUK 
1-14 0-92 
os 148 1-30 
1-26 1-44 
” » ” ” 1-42 1-24 
PhCl Ph-NO, “Bi 0-29 0-29 | Ph:NO, PyH } 4-00 3-67 
” ” . 0-31 0-32 ” 3-19 3-50 

Note.—The values now accepted for }K differ slightly in some cases from those reported in the 

preliminary communications (Nature, 1951, 167, 725; Research, 1951, 4, 386), owing to a reassessment 

of the relevant experimental data in the light of more recent experience. 


” ” 4-11 4-50 
PhCl PhH : 1-50 1-48 


PhCl PyH 
1-20 1-21 m >} (Ms 


| 
Ph:NO, PhH ) 3-63 3-31 | PyH PhH } 
| 


3°95 


The value chosen for :X9:K is 4-0. Thus, for any compound PhX, x K will be 


obtained from py xo, by multiplying by 4. The value of Pont for electrophilic 
substitution (nitration) is extremely small (~ 10~), while that of pak is 0-033 (Bird and 
Ingold, Joc. cit.). Both the nitro-group and the chlorine atom are thus found to have 
an activating influence in homolytic substitution, but the effects displayed are very much 
smaller in magnitude than those encountered in electrophilic substitution. This is experi- 
mental confirmation of the view that these reactions are free from the powerful electro- 
static effects which are important in heterolytic substitution. The neutral radical 
approaches the reaction-site without experiencing either electrostatic attraction or repulsion, 
and exerts no polarising influence on the molecule with which it is about to react (cf. 
Waters, J., 1948, 727). It is also of interest that benzene and pyridine undergo phenyl- 
ation at approximately the same rates. 

If the rates of substitution are expressed in terms of the rate of substitution at any one 
position in benzene, i.e., the rate for benzene as a whole becomes 6, then that for nitro- 
benzene becomes 24. If the proportions are known in which the o-, m-, and p-isomerides 
are formed, the rates of substitution at each position in the compound under consideration 


may be calculated. These “ partial rate factors,”’ aP,, sale, and 9 together 
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constitute a complete specification of the influence of the atom or group X on the reactivity 
of the molecule in which X occurs towards the particular reagent concerned. 

The results reported in this paper, together with those reported in Part I, enable the 
partial rate factors to be calculated for the substitution of nitrobenzene by pheny] radicals. 
If the percentages in which the three isomerides are formed in the phenylation of nitro- 
benzene are taken as ortho 58%, meta 10%, and para 32%, the partial rate factors are 
Pept > = 7-0, "pnt m = 1-2, and * Pit, = 7-9. 

Several attempts have been made to derive theoretically the directing influence of 
groups in homolytic and heterolytic aromatic substitution (Wheland and Pauling, J. Amer. 
Chem. Soc., 1935, 57, 2086; Wheland, zbid., 1942, 64, 900; Pullmann, Ann. Chim., 1947, 
5; Coulson, Trans. Faraday Soc., 1946, 42, 265; Research, 1951, 4, 307). Calculation of 
the partial rate factors for homolytic substitution in nitrobenzene can be made by substit- 
ution of Wheland’s energy increments into the Arrhenius equation. By this means the 
following values are obtained : 


Ph-NO. ~ PhN ~ Ph-NO = 
poi, = 2-25, Putin = 0-85, phil’, = 8:7 

ince PNK 9 PhNO 9 PhNO,7- , Ph-NO, 
since nHK = %(2 path. + 2 palm + phiF), 


these partial rate factors lead to a value of 2-5 for * Sak, which may be compared 
with the experimentally determined value of 4-0. In agreement with the results now 
reported, these calculations show that the nitro-group is mildly activating and ortho-para- 
directing in homolytic substitution. 
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390. Cinnolines. Part XXVIII.* The Nature of the C,s)-position. 
Part I. The Neber—Bossel Synthesis of 3-Hydroxycinnoline. 


By E. J. ALForRD and K. SCHOFIELD. 


Conditions have been devised under which o-nitromandelic acid can be 
converted into 3-hydroxycinnoline in 60% yield by cyclising in acid solution 
the derived o-hydrazinomandelic acid, a synthesis dev ised by Neber and Bossel 
(Bossel, ‘“‘ Inaugural Dissertation,’’ Tiibingen, 1925). This synthesis has 
been generalised with moderate success, and 6-chloro- and 3 : 6-dihydroxy- 
cinnoline are described. o-Aminomandelic acid and its derivatives are con- 
verted by hot acetic anhydride into ON-diacetyldioxindoles. 


From the standpoint of comparative heterocyclic chemistry it is particularly interesting to 
study the nature of the C;,)-position in cinnoline and its derivatives, but so far no cinnoline 
carrying an amino-, halogeno-, or methyl substituent at Cy, and lacking a complicating 
substituent at Cy) has been described. It is the purpose of this and subsequent papers 
to fill this gap, and to establish the nature of the cinnoline 3-position. 

Neber, Kndéller, Herbst, and Trissler (Annalen, 1929, 471, 113) mentioned 3-hydroxy- 
cinnoline (VII; R = H) and described its reduction by phosphorus and hydriodic acid to 
oxindole (I; R = R’ = H), referring for its preparation to Bossel’s work (‘‘ Inaugural Dissert- 
ation,’’ Tiibingen, May 1925). We have not been able to consult Bossel’s thesis, but Dr. H. 
Hellmann of Tiibingen kindly noted from it the essential reactions used in the synthesis 


* Part XXVII, J., 1951, 1971. 
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of 3-hydroxycinnoline, with which knowledge we have been able to devise satisfactory 
preparative conditions for this compound. Bossel obtained 3-hydroxycinnoline by adding 
an aqueous solution of sodium 0-aminomandelate and sodium nitrite to hydrochloric acid 
[o-aminomandelic acid could not of course be diazotised directly in acid solution because of 
the rapidity with which it is converted into dioxindole (I; R = OH, R’ = H) under such 
conditions (Heller, Ber., 1904, 37, 938)], reducing the resulting diazonium salt with stannous 
chloride, and, after removing the tin, cyclising the o-hydrazinomandelic acid so formed in 


CHR OCHO R/ CH(OH)-CN 
-/CO . . \ JNO, 
(IIT) 


UN 
R7 )\CH(OH)-CO,H 


CH(OH)-CO,H R/ )\CH(OH)-CO,H 
— ‘tC Ixo, ap — INH, oe ae \ NH*NH, 
\4 \y : WY . 
(IV) (V) (V1) 
RZ \Y OH RZ \—CH-OAc 
—> | } | . 7 
/ *NIN WYN co 
(VII) A (VIII) 


boiling acid solution (V——> VII; R=H). He described the preparation of a benzoyl 
derivative, and the reduction of (VII; R = H) to a dihydro-derivative by means of zinc 
dust and sulphuric acid. 

In the present work we have used, besides o-aminomandelic acid itself, 2-amino-5- 
chloro- and 2-amino-5-methoxy-mandelic acid (V; R = Cl or OMe). Comments on the 
preparation of the necessary intermediates, 2-nitro-, 5-chloro-2-nitro-, and 5-methoxy-2- 
nitro-benzaldehyde, will be found in the Experimental section. The method described by 
McKenzie and Stewart (/J., 1935, 104) for the formation of o-nitromandelonitrile proved to 
be satisfactory for use on the large scale when applied with minor modifications, and Heller's 
procedure (Ber., 1910, 43, 2892) was used in the case of 5-chloro-2-nitromandelonitrile 
(III; R=Cl). This method was unsuccessful when applied to 5-methoxy-2-nitrobenz- 
aldehyde, but 5-methoxy-2-nitromandelonitrile (III; R = OMe) was isolated in almost 
quantitative yield under conditions similar to those described by Robinson and Robinson 
(J., 1915, 107, 1755) for 3 : 4-dimethoxy-6-nitromandelonitrile. The three cyanohydrins 
were readily hydrolysed to the corresponding mandelic acids (IV; R = H, Cl, or OMe) by 
standard methods. 

Free o-aminomandelic acid does not appear to have been described before McKenzie 
and Stewart (loc. cit.) prepared it by reducing the nitro-compound by means of 
ferrous sulphate and barium hydroxide. The resulting barium salt was converted 
into the sodium salt which, when treated with slightly less than the calculated 
quantity of sulphuric acid provided 43% of the free amino-acid. The source of the solution 
of sodium o-aminomandelate used by Bossel (loc. cit.) is not known to us. More recently 
Grimsell [Arkiv Kemi, Mineral., Geol., 1942, 15B, No. 17; cf. Fredga and Andersson, ibid., 
1940, 14B, No. 18] described the more convenient preparation of o-aminomandelic acid by 
catalytic reduction of sodium o-nitromandelate in aqueous solution. We have found this 
method particularly useful because of its rapidity and the purity of the product. In one 
experiment it was found possible to isolate the free amino-acid in 85% yield by careful 
neutralisation of the reduction solution, but normally we used the latter directly in the next 
step towards 3-hydroxycinnoline. The same method also proved to be highly convenient 
for the preparation of 2-amino-5-methoxymandelic acid (V; R= OMe). This acid was 
previously described by Halberkann (Ber., 1921, 54, 3079) who acidified a cold alkaline 
solution of 5-methoxydioxindole (I; R = OH, R’ = OMe) with acetic acid, a procedure not 
suited to preparative ends. Not unexpectedly, attempts to reduce catalytically solutions 
of sodium 5-chloro-2-nitromandelate resulted in simultaneous elimination of the halogen 
atom, and we were obliged to resort to McKenzie and Stewart's chemical method of reduc- 
tion mentioned above. Conversion of the resulting barium salt into the sodium salt 
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followed by careful acidification provided only 41% of 2-amino-5-chloromandelic acid. 
Excess of mineral acid precipitated 5-chloroisatin from the reaction sclution, and there 
separated more slowly a white solid which was not further examined. It was presumably 
5-chlorodioxindole or the related isatide. 

To characterise 2-amino-5-chloro- and 2-amino-5-methoxy-mandelic acid these com- 
pounds were treated with hot acetic anhydride. In each case a crystalline product was 
obtained, and analysis suggested that these products were the diacetyl derivatives (VIII; 
R = ClandOMe). Under the same conditions o-aminomandelic acid gave what is evidently 
the analogous substance (VIII; R =H). It is interesting to note that Suida (Ber., 1879, 
12, 1326), by treating dioxindole with hot acetic anhydride, obtained only a monoacetyl 
derivative, later proved by Heller and Lauth (Ber., 1929, 62, 350) to be O-acetyldioxindole. 
It follows that very probably the present diacetyl derivatives arise by N-acetylation of the 
aminomandelic acids, followed by O-acetylation and cyclisation in undetermined order. 
This is supported by the observation that o-acetamidomandelic acid, which McKenzie and 
Stewart (loc. cit.) obtained by treating o-aminomandelic acid with acetic anhydride in cold 
aqueous suspension is converted by hot acetic anhydride into the diacetyldioxindole.* 

As indicated above, the aqueous solution of sodium o-aminomandelate produced by 
catalytic reduction was used directly in the next stage of the synthesis. To it was added 
sodium nitrite, and diazotisation was effected by adding the solution to cold hydrochloric 
acid. The resulting diazonium salt was reduced to the hydrazine (VI; R = H) by stannous 
chloride. According to Bossel (loc. cit.) separation of a “ tin salt,’’ presumably that of the 
hydrazine, occurred at this stage. We did not observe this in early experiments on the 
small or medium scale, but subsequently the substance was always encountered. Yields 
of 3-hydroxycinnoline realised by processing the total reaction solution from which the 
“tin salt ’’ had not separated were less satisfactory than those resulting when the salt was 
treated separately. The “‘ tin salt ’’ was soluble in water as stated by Bossel, and removal 
of the tin as sulphide left a colourless solution. When this solution was acidified and boiled 
it became golden-yellow, and neutralisation precipitated 3-hydroxycinnoline. The 
process ultimately adopted yielded 61-2% of crude product, or 59-5° of once-crystallised 
material, based on the amount of o-nitromandelic acid used. 

Results obtained in attempts to convert 2-amino-5-chloromandelic acid into 6-chloro-3- 
hydroxycinnoline were not so satisfactory. A small yield of product, undoubtedly that 
required, was isolated under conditions described below, but we have been unable to 
standardise the reaction in the preparative sense. 

More interesting was the behaviour of 2-amino-5-methoxymandelic acid. The essential 
step of cyclisation of the intermediate hydrazine in the present type of reaction is effected, 
as already mentioned, by boiling it in acid solution, and the possibility of demethylation 
occurring was appreciated. There was obtained a moderate yield of product, soluble in 
alkali, but not in the usual organic solvents, showing no definite melting point. It probably 
consisted of 3 : 6-dihydroxycinnoline, and a pure specimen of this compound was isolated 
through the monobenzoy] derivative. Analysis and the strong yellow colour of the latter 
(3-benzoyloxycinnoline is colourless) support its formulation as 6(3 ?)-benzoyloxy-3(6 ?)- 
hydroxycinnoline. Acid hydrolysis of this derivative readily provided 3 : 6-dihydroxy- 
cinnoline. 

3-Hydroxycinnoline and its 6-chloro- and 6-hydroxy-derivatives are bright yellow 
compounds with ability to retain water strongly. Anhydrous 3-hydroxycinnoline was 
obtained by vigorous drying of the hydrated form, but even this was insufficient with 
6-chloro-3-hydroxycinnoline. 

The properties and reactions of 3-hydroxycinnoline and their bearing on the nature of 
the C,,)-position will be discussed in a forthcoming publication. We propose to make a 
more general examination of the synthesis of cinnolines by the cyclisation of hydrazines. 

* Halberkann (loc. cit.) obtained a compound, m. p. 225—226°, supposedly ON-diacetyl-5-methoxy- 
dioxindole, by treating 5-methoxydioxindole with acetic anhydride and sodium acetate on the water- 
bath. The high melting point disqualifies such a formulation, and the substance was probably a 
monoacety] derivative. 


Since this paper was written, Hellmann and Renz (Chem. Ber., 1951, 84, 901) have described 
ON-diacetyldioxindole, the properties of which agree with those of our preparation. 
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EXPERIMENTAL 

M.p.s are uncorrected. 

Nitro-aldehydes.—(i) The method for preparing o-nitrobenzaldehyde described in Org. Synth., 
24, 75, is unsuitable when large quantities of the compound are required. In numerous experi- 
ments in this laboratory the overall yield of the aldehyde obtained by this method from o-nitro- 
toluene rarely exceeded 18%. Far more convenient is Reissert’s procedure (Ber., 1907, 50, 
4216; D.R.P., 152,218; 186,881; 182,217) which from 0-6 mole of o-nitrotoluene gave 62% 
of the aldehyde. 

(ii) 5-Chloro-2-nitrobenzaldehyde was obtained by nitrating m-chlorobenzaldehyde (obtained 
in undiminished yield from experiments on twice the scale of that described in Org. Synth., 
Coll. Vol. 2, 130. The chloro-compound (111-7 g.) was added during 20 minutes to a stirred 
mixture of nitric acid (53 c.c., d 1-42) and concentrated sulphuric acid (607 c.c.) at 0—5°. After 
a further hour’s stirring at room temperature the solution was poured on ice (41.), and the product 
(141 g., 95%; m. p. 70—72°) was collected, washed, and dried in vacuo. A specimen crystallised 
from ethanol had m. p. 78° (Mettler, Ber., 1905, 38, 2809, gives m. p. 76°; Eichengrun and 
Einhorn, Annaien, 1891, 262, 137, give m. p. 77-5°). The uncrystallised product was pure enough 
for further use. 

(iii) 5-Methoxy-2-nitrobenzaldehyde was prepared as described by Mason (J., 1925, 1195). 
The following is a satisfactory procedure for the methylation of the intermediate 5-hydroxy-2- 
nitrobenzaldehyde. To the phenolic aldehyde (12-5 g.) suspended in water (40 c.c.) was added 
half of a solution of sodium hydroxide (4-5 g.) in water (5c.c.). The resulting solution was heated 
and stirred on the steam-bath while methyl sulphate (8-9 c.c.) and the remainder of the alkali 
were added simultaneously, drop by drop, during 15 minutes. The reaction mixture was stirred 
for 10 minutes more without heating, and the product (10-7 g.; m. p. 82-5—84°) was collected. 
Acidification of the filtrate precipitated unchanged starting material (1-9 g.; m. p. 159—161°). 

Nitromandelonitriles.—(i) (Cf. McKenzie and Stewart, loc. cit.). The following method avoids 
the separation of o-nitrobenzaldehyde during the initial cooling, a very troublesome occurrence 
in large-scale experiments. A stirred suspension of o-nitrobenzaldehyde (100 g.) in acetic acid 
(200 c.c.) was cooled to 10° by iced-water, and slow addition of potassium cyanide (66 g. in 132 c.c. 
of water) begun. After the addition of about one third of the cyanide solution the temperature 
was maintained at 0—5° by an ice-salt bath, whilst the remainder of the addition was made more 
quickly and with vigorous stirring. All of the cyanide was added during } hour, after which the 
solution was stirred for 4—5 hours at room temperature, diluted with water (900 c.c.), and set 
aside overnight. The product (107-4 g., 91:2%; m. p. 92—93°) was collected, washed with 
water, and dried in vacuo. 

(ii) (Cf. Heller, Ber., 1910, 43, 2892). 5-Chloro-2-nitrobenzaldehyde (50 g.; finely powdered) 
was stirred for a few minutes with acetic acid (200 c.c.) at room temperature, the mixture was 
cooled to about 10°, and a solution of potassium cyanide (40 g.) in water (80 c.c.) was added 
dropwise. The temperature fell and was kept during most of the addition at 0—5°. The 
mixture was then stirred for 1 hour at room temperature, water (800 c.c.) was added, and 
the precipitated oil, which soon crystallised, was collected next morning. The crude product 
(45-7 g., 76-5%; m. p. 66—71°) was satisfactory for further use. A specimen crystallised from 
chloroform-—light petroleum (b. p. 40—60°) had m. p. 81—83° (Heller, loc. cit., gives m. p. 85°). 

(iii) Potassium cyanide (52-5 g.) was added with shaking to 5-methoxy-2-nitrobenzaldehyde 
(35 g.) in acetic acid (560 c.c.) cooled in ice. The mixture was set aside for 5 days at room tem- 
perature and the resulting solution was then diluted with water (3-5 1.) and extracted with ether, 
and the extract was washed thoroughly with sodium carbonate solution. Removal of the solvent 
from the dried (Na,SO,) solution gave an oil which slowly solidified (37-4 g.; m. p. 92—93-5°). 
Crystallisation from benzene gave white needles, m. p. 93-5—95°. The nitrile (which was not 
analysed) gave a red solution in sulphuric acid. 

Nitromandelic Acids.—(i) Crude o-nitromandelonitrile (107-4 g.) and concentrated hydro- 
chloric acid (537 c.c.) were refluxed for 4 hour and the solution was then evaporated to half the 
volume. When the solution cooled crystals (112-5 g.; m. p. 139—142°) separated; they were 
suitable for further use. This procedure gave a cleaner product than was obtained by evapora- 
tion to dryness and subsequent crystallisation from water. 

(ii) Crude 5-chloro-2-nitromandelonitrile (45-7 g.) was hydrolysed as above with concentrated 
hydrochloric acid (900 c.c.). The solid remaining when the solution was evaporated to dryness 
was extracted with boiling benzene, and the solution filtered from ammonium chloride. The 
granular product (38-8 g., 78%; m. p. 134—135°) separated on cooling (Heller, Ber., 1910, 48, 
2892, gives m. p. 134°). 

6T 
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(ili) 5-Methoxy-2-nitromandelonitrile (37-4 g.) and concentrated hydrochloric acid (400 c.c.) 
were refluxed for 4 hour, and the red-brown solution was filtered whilst still hot. On partial 
evaporation and then cooling of the filtrate, light brown crystals (38-5 g., m. p. 118—122°) 
separated. The acid could be crystallised from water or benzene. 5-Methoxy-2-nitromandelic 
acid formed prisms, m. p. 122—125° (Found: C, 47-6; H, 4:2. C,H,O,N requires C, 47-6; H, 
40%), when crystallised from benzene containing a little alcohol. The compound slowly became 
brown when exposed to light. 

Aminomandelic Acids.—(i) (Cf. Grimsell, loc. cit.). o-Nitromandelic acid (100 g.) was neutral- 
ised with standard sodium hydroxide (2-1N; 240 c.c.), and the volume of the solution was made 
up to 800 c.c. (more concentrated solutions were reduced more slowly). When shaken with 
palladium-charcoal (5%; 10 g.) the solution absorbed about 371. of hydrogen in 4 hours. The 
filtered solution was used for the preparation of 3-hydroxycinnoline as described below. 

In one experiment, the filtered reduction solution (from 5 g. of the nitro-acid) was evaporated 
to about two-thirds of its original volume, cooled in ice, and treated with 85% of the theoretical 
amount of sulphuric acid (4N). There separated 3-6 g. (85%) of o-aminomandelic acid, m. p. 
142—-145° (rapid heating). McKenzie and Stewart (loc. cit.) give m. p. 144°. 

(ii) When 5-chloro-2-nitromandelic acid was treated as above, hydrogen absorption continued 
beyond the amount required for reduction of the nitro-group, precipitation occurred, the 
mixture became acidic, and a positive test for chloride ion was obtained. 

To ferrous sulphate (31 g.) in boiling water (30 c.c.) was added a solution prepared from 
chloronitromandelic acid (4 g.), barium hydroxide octahydrate (8 g.), and boiling water (200 c.c.), 
and then a second barium hydroxide solution (40 g. in 120 c.c. of boiling water). The resulting 
sludge was stirred for 1 hour without further heating and then boiled for } hour under reflux. 
The mixture was filtered, the residue was extracted several times with boiling water, and the 
combined filtrate and washings were saturated with carbon dioxide and then again filtered and 
evaporated to half volume. After the addition of sodium carbonate (0-92 g. in a small volume of 
water) and filtration, the solution was evaporated further (to ca. 60c.c.) and treated with sulphuric 
acid (4N; 3-6 c.c.) whilst being cooled in ice, whereupon 2-amino-5-chloromandelic acid (1-43 g., 
41%) separated. This compound melted with effervescence at 138—140°, the melt becoming 
red above this temperature. A further 1 c.c. of sulphuric acid precipitated from the filtrate 
more solid (0-15 g.), m. p. 128—130°, and finally excess of sulphuric acid (5 c.c.) with warming on 
the steam-bath caused the separation of red crystals of 5-chloroisatin, m. p. 249° (Found: C, 
53-3; H, 2-4. Calc. for CgH,O,NC1: C, 52-9; H, 2-2%). When kept at room temperature the 
filtrate from the isatin deposited a white solid (0-72 g.), m. p. 217°. This was not further 
examined but was probably the isatide formed by oxidation of the intermediate dioxindole. 

(iii) 5-Methoxy-2-nitromandelic acid (1 g.) in sodium hydroxide solution (2-1N; 2-1 c.c.) 
and water (5 c.c.) was hydrogenated as usual with 5% palladium-—charcoal (0-1 g.). Reduction 
was complete in about 2 hours. After removal of the catalyst the solution was evaporated to 
half volume, then cooled in ice and treated with sulphuric acid (4-09N; lc.c.). After some time 
at 0° the amino-acid (0-71 g.) separated as a light-brown solid, m. p. 153—-155° (Halberkann, 
Ber., 1921, 54, 3079, gives m. p. 160°). 

The Action of Acetic Anhydride on 0-Aminomandelic Acids.—(i) A suspension of o-amino- 
mandelic acid (0-5 g.) in acetic anhydride (6 c.c.) was set aside at room temperature for 2 days 
and then heated on the steam-bath for 4 hour and poured into water. ON-Diacetyldioxindole 
(0-45 g.) which separated on cooling formed white needles, m. p. 88—89° (Found: C, 61-9; H, 
5-0. C,,.H,,0O,N requires C, 61-8; H, 4-75%) from methanol. 

This product also resulted from similar treatment of o-acetamidomandelic acid [prepared by 
shaking o-aminomandelic acid (0-5 g.) with water (3 c.c. containing a small amount of ice) and 
acetic anhydride (0-5 c.c.) until dissolution occurred, evaporating the solution to dryness in a 
vacuum desiccator, and crystallising the residue from water. The white product had m. p. 
142-—-144°. McKenzie and Stewart (loc. cit.) give m. p. 142—143°). 

(ii) 2-Amino-5-chloromandelic acid (0-5 g.) and acetic anhydride (5 c.c.) were left overnight, 
and the solution was then heated on the steam-bath for a few minutes and poured into water 
(50 c.c.). Crystallisation of the product (0-3 g.) from alcohol gave feathery white needles of 
ON-diacetyl-5-chlorodioxindole, m. p. 130-5—131-5° (Found: C, 53-5; H, 3-7; N, 5-1. Cy,.H,gO,NCl 
requires C, 53-8; H, 3-8; N, 5:2%). 

(iii) In the same way 2-amino-5-methoxymandelic acid gave ON-diacetyl-5-methoxydioxindole 
which formed white prisms, m. p. 97-5—98° (Found: C, 58-7; H, 5-0; N, 5-5. C,3H,,;0;N 
requires C, 59-3; H, 5-0; N, 5-3%). 

3-Hydroxycinnolines.—(i) The solution obtained by reducing catalytically o-nitromandelic 
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acid (100 g.), as described above, was evaporated to ca. 400 c.c., and sodium nitrite (35 g.) was 
added. The resulting solution was added dropwise to stirred concentrated hydrochloric acid 
(650 c.c.) maintained at 0°. Stirring was continued for a few minutes after removal of the 
freezing bath, and the diazonium solution was then added slowly to stannous chloride (605 g.) 
and concentrated hydrochloric acid (650 c.c.), stirred at 0°. When the addition was almost 
complete, separation of the “‘ tin salt ”’ began, and on complete addition very slow stirring was 
continued for } hour at room temperature. After remaining in the ice-chest overnight the “ tin 
salt ’’ was collected and dissolved in water (800 c.c.), giving a pale yellow solution which was 
treated with hydrogen sulphide. After removal of the tin sulphide concentrated hydrochloric 
acid (40 c.c.) was added to the filtrate, and this solution was boiled for } hour and became 
brownish-yellow. Neutralisation with solid sodium acetate precipitated 3-hydroxycinnoline as 
orange crystals (45-34 g., 62%), which after one crystallisation from water had m. p. 198—200° 
(yield, 44-1 g.). A specimen crystallised several times from water, and once from benzene, 
gave bright yellow needles, m. p. 201—203° (with preliminary sintering) (Found, in material 
dried at 70°/5 mm.: C, 61-1; H, 4-7. Cale. for CgH,ON,,4H,O: C, 61-9; H, 455. In 
material dried 120°/5 mm.: C, 64:7; H, 4:0; N, 19-6. Calc. for CgH,ON,: C, 65-75; H, 4-1; 
N, 192%). 

The benzoyl derivative was prepared according to Bossel (loc. cit.) as follows: 3-hydroxy- 
cinnoline (0-75 g.), sodium hydroxide (1N; 5-5 c.c.), benzoyl chloride (0-65 g.), and some ice chips 
were shaken for 4 hour. The product (0-8 g.; m. p. 140—145°) was collected, washed with 
dilute sodium carbonate solution, and crystallised from aqueous alcohol; it formed white 
crystals, m. p. 148—149° (Bossel gives m. p. 146°) (Found: C, 72-2; H, 4:15. Calc. for 
C,,H,,0O,N,: C, 72-0; H, 40%). 

(ii) The solution obtained by reducing 5-chloro-2-nitromandelic acid (5 g.), as described 
above, was evaporated to 50—60 c.c., sodium nitrite (1-5 g.) was added, and the mixture was 
added slowly to hydrochloric acid (27-5 c.c.; d 1-16) and stirred below 0°. The cloudy diazonium 
solution was then added to the ice-cold reduction medium (25-7 g. of stannous chloride in 27-5 
c.c. of concentrated hydrochloric acid), and the resulting suspension was stirred for 4 hour at 
room temperature and stored in the ice-chest overnight. Filtration of the suspension was slow 
and during the process the solid residue became yellow. It was extracted with cold water 
(500 c.c.; most of the material was insoluble), the extract was treated with hydrogen sulphide 
and filtered, and the filtrate then treated with concentrated hydrochloric acid (5 c.c.) and 
evaporated to small bulk. During the evaporation a yellow powder separated which redissolved 
when the volume decreased to about 30 c.c., and on cooling, white crystals were deposited. This 
suspension was neutralised with excess of sodium acetate, and the light yellow product (0-32 g.) 
was collected. 6-Chloro-3-hydroxycinnoline crystallised from alcohol as yellow needles, m. p. 
262—265° (with darkening) (Found: C, 50-25; H, 3-0. C,H,ON,Cl requires C, 53-2; H, 2-8. 
Found, in material dried at 120°/5 mm.: C, 51:3; H, 3-2. CsH,ON,C1,4H,O requires C, 50-7; 
H, 3-2%). Numerous attempts to raise the yield of the desired product in this reaction were 
unsuccessful. 

(iii) To the solution obtained by reducing 5-methoxy-2-nitromandelic acid (5 g.) as described 
above was added sodium nitrite (1-5 g.), and the whole was slowly run into concentrated hydro- 
chloric acid (40 c.c.) stirred at 0—5°. The diazonium solution was then added to stannous 
chloride (25-5 g.) in concentrated hydrochloric acid (40 c.c.) at 0°. After two days in the ice- 
chest the solution was diluted to 1 1. with water and treated with hydrogen sulphide. Filtration 
gave a clear solution which became yellow when boiled and was evaporated almost to dryness. 
Neutralisation with sodium acetate provided a greenish-yellow powder (1-4 g.) which darkened at 
about 300° but did not show a discernible m. p. Dissolution in hydrochloric acid and water 
(2: 1 by volume) (charcoal) and re-precipitation by sodium acetate gave a yellow powder, 
practically insoluble in most solvents, slightly soluble in pyridine. 

This product (1-15 g.) was dissolved in sodium hydroxide solution (1N; 11 c.c.) containing ice 
chips and treated with benzoyl chloride (3 c.c.). After being shaken for some time the product 
was collected (1-4g.). Washing this with sodium hydroxide (2N; 30 c.c.) left a solid (0-93 g.) of 
vague m. p. Crystallisation from methanol, rejection of the most soluble and least soluble 
fractions, and recrystallisation of the middle fractions from the same solvent gave fluffy yellow 
crystals of 6(3 ?)-benzoyloxy-3(6 ?)-hydroxycinnoline, m. p. 233—235° (after darkening) (Found : 
67-9; H, 3-8; N, 10-5. C,,;H,,O,N, requires C, 67-7; H, 3-8; N, 10-5%). 

The benzoyl derivative (0-15 g.) and hydrochloric acid (5 c.c. of a mixture containing 3 c.c. 
of concentrated acid and 2 c.c. of water) were refluxed together for 4 hour. Benzoic acid 
separated and was removed by ether. The acid layer was boiled (charcoal) and concentrated, 
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and the precipitate was washed with water. Recrystallisation from hydrochloric acid (roughly 
5N) gave yellow nodules of 3: 6-dihydroxycinnoline (Found: C, 59-1; H, 3-6. C,H,O,N, 
requires C, 59-3; H, 3-7%). 


Our thanks are due to Imperial Chemical Industries Limited, and to the Council of the 
University College of the South West, for financial aid. 


WASHINGTON SINGER LABORATORIES, 
PRINCE OF WALES Roap, EXETER. (Received, February 18th, 1952.) 





391. The Spectrophotometric Determination of the Hydroxyl 
Contents of Aliphatic and Alicyclic Alcohols. 


By J. P. RILey. 


A rapid spectrophotometric method for the determination of the hydroxyl 
content of aliphatic and alicyclic alcohols is described. The hydroxy-com- 
pound is esterified with §-2 : 4-dinitrophenylpropionyl chloride. From the 
extinction coefficient of the recovered ester at 242 my, the acetyl value of the 
original alcohol can be calculated. Thirteen §-2 : 4-dinitrophenylpropionates 
are described. The method is not suitable for hydroxy-compounds showing 
appreciable absorption at 242 mu, but a procedure is suggested for use with 
such compounds. Results 5-4% lower than theoretical are obtained with 
castor oils, perhaps owing to steric effects, but by the use of an empirical 
correction factor, the procedure can be used for their evaluation. 


OF the methods proposed for the determination of acetyl values, two adopted by the B.S.I. 
(Specification 684, 1950) are most frequently used. The first (loc. cit., p. 42; see also Riley, 
Analyst, 1951, 76, 41) depends on acetylation of the hydroxy-compound with boiling acetic 
anhydride, followed by isolation of the acetyl compound and determination of the acetic 
acid obtained from it by hydrolysis; this procedure, though accurate, is very time-consum- 
ing and is not suitable for work with small samples. The second (loc. cit., p. 44), which 
depends on acetylation by means of acetic anhydride—pyridine and subsequent determin- 
ation of the acetic anhydride consumed, is rapid and requires only small amounts of material ; 
it suffers, however, from the defect that the end-point of the titration is by no means sharp. 

In an endeavour to devise an accurate method requiring only small weights of sample, it 
was thought that the hydroxyl group might be esterified with some chromophoric group, 
the resultant derivative isolated, and the proportion of the group in it determined spectro- 
photometrically. Earlier experiments using 3: 5-dinitrobenzoyl chloride as esterifying 
agent were unsuccessful, since the absorption band of the ester moved in the direction of 
shorter wave-length as the molecular weight of esterified alcohol increased ; e.g., the absorp- 
tion bands of the esters of methyl alcohol, ethyl alcohol, and methyl 12-hydroxystearate are 
at 230, 223, and <210 muy, respectively. This effect was thought to be due to conjugation 
of the carboxyl group with the chromophore, and it was considered that if these two groups 
were separated by one or more methylene groups, then the position of the absorption band 
might not alter whatever the molecular weight of the esterifying alcohol. Experiments 
were therefore made using as esterifying agent the readily prepared 8-2 : 4-dinitrophenyl- 
propionyl chloride, which reacts in the cold with liquid alcohols, primary, secondary, 
and tertiary. For every ester examined Amax. = 242 and emax. = 14,443 + 0-7%. There 
was a minimum at ca. 210 my (e = 11,200) and the absorbency fell off to a low value above 
330 mu. Since the molecular extinction coefficient of all the esters was the same, the 
amount of the 8-2 : 4-dinitrophenylpropionyl radical present in the ester could be deter- 
mined by measurement of its absorption coefficient at 242 my, and from this the acetyl value 
of the alcohol could be readily calculated. 

The method proposed therefore consists of heating the alcohol under examination with 
excess of the acid chloride. After reaction has occurred, the remaining acid chloride is 
hydrolysed with boiling water, the ester recovered by extraction with ether, and free acid 
washed out with alkali. The absorption coefficient of the recovered ester at 242 my is deter- 
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mined in duplicate. Thirteen alcohols have been examined by the proposed method, mostly 
in duplicate, with the results shown in Table 1; in all cases the molecular extinction co- 
efficients given are the mean of at least four determinations. 

A high but variable yield of ester is obtained by the reaction of dinitrophenylpropionyl 
chloride with the alcohols examined. This variation is not due to the incompleteness of 
reaction but rather to the difficulty of ensuring complete extraction of the comparatively 
small quantities of ester obtained. The particularly low recovery of the ester of methyl 
tetrahydroxystearate is caused by its low solubility in ether. 


TABLE | 
EYSn.t 
for acyl N, %: 
Ester % Mp. sf et group § Formula Calc. Found 
-5268 14,550 608-8 
-5220 14,450 604-6 
- ‘5118 14,450 604-6 
sec.-Octyl 2- nd 14,420 603-3 
Dodecy! 1-4998 14,520 607-5 
Tetradecyl 1-4975 14,360 600-8 
cycloHexyl 15372 14,360 600-8 
Methyleyclohexy] 1-5352 14,330 599-5 
(+)-Bornyl 95- - 1-5360 14,500 606-7 
Methyl hydroxystearyl 96- - 1-4950 14,600 610-9 
Methy] ricinoley! ‘ — 15006 14,320 599-2 
Methyl dihydroxysteary] 98- 19 =1-5188 29,690 621-1 
Methy!] tetrahydroxysteary] ° 15415 58,980 616-9 Cy sHe.OaeNs 
|| Mean 14,443 604-3 
Mean deviation 0-53% 
Standard deviation 0-68% 
Glassy 
Molecular extinction coefficient (expressed in g.-mol./].) at 242 my. 
At 242 mz. § Acyl = £-2 : 4-dinitrophenylpropionyl. 
Excluding di- and tetra-hydroxysteary] esters. 


The esters themselves, with three exceptions, are light yellow, rather viscous oils or glassy 
solids at room temperature, and seem to be quite stable for at least six months under these 
conditions. They blacken, however, if heated above 100° for any length of time, and over- 
heating during their preparation should be avoided. 

The wave-length of maximum absorption of all the esters lies at the same value, viz., 
242 my, and the molecular extinctions of all the esters of the monohydric alcohols are the 
same within the limits of experimental error (see Table 1). Those of the esters of methyl di- 
and tetra-hydroxystearate are, however, respectively 2-8% and 2-1% higher than the mean 
value (after division of the molecular extinction by the number of dinitrophenylpropionyl 
groups in the molecule); this augmentation of the absorption may perhaps be associated 
with steric effects, since the chromophoric groups in these compounds are very close together. 

It is, of course, important that the alcohol under examination should not show any 
selective absorption at 242 mp, and the method cannot therefore be applied to aromatic 
compounds. It is possible that it might be applied to such compounds by making use of the 
brown colour formed by the action of alcoholic potassium hydroxide on the dinitrophenyl- 
propionyl group in the ester. 

TABLE 2 
Characteristics of dinitrophenylpropionyl Chemically ¢ 
compound determined 
Source of oil ni 3 | Ng Ac Val. Ac Val. Error, % 

-5120 144-5 152-8 
Tanganyika (Central) -5110 145-5 152-8 
East Africa -5106 141-8 149-3 
Nigeria (large) - -5102 142-8 150-6 
Nigeria (medium) 5085 137-5 147-4 

Mean 


—] 


Qe oae 
cone nae 


bo bo be bo by 
wm Or or or 


¢ Gupta et al., loc. cit. 


The dinitrophenylpropionyl chloride is unreactive toward ethylenic unsaturation, and it 
did not react with either methyl oleate or methyl linoleate. Methyl ricinoleate gives 
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theoretical results for reaction with the hydroxyl group only, showing that no reaction with 
the double bond occurs. 

Attempts were made to apply the method to the determination of acetyl values of 
alkali-refined castor oils (Gupta, Hilditch. and Riley, J. Soc. Food Agric., 1951, 2, 245), with 
the results shown in Table 2, from which it will be seen that results about 5-4°% low are 
consistently obtained with castor-oil glycerides, possibly owing to steric hindrance having 
prevented complete reaction of the glyceride with the rather large dinitrophenylpropiony] 
group. If, however, a correction factor of 1-057 is applied, then the method may be used 
for the evaluation of castor oils. 


EXPERIMENTAL 

Preparation of 8-2 : 4-Dinitrophenylpropionic Acid (cf. Gabriel and Zimmermann, Ber., 1880, 
13, 1681).—8-Phenylpropionic acid (100 g.), prepared by hydrogenation of cinnamic acid, was 
dissolved in fuming nitric acid (660 ml.) and cooled to 0°; concentrated sulphuric acid (360 ml.) 
was added gradually with constant stirring and cooling in ice. After an hour (at room temper- 
ature) the mixture was poured on crushed ice (1-5 kg.). The yellow crystals of crude dinitro- 
phenylpropionic acid (95 g.) were filtered off, washed well with cold water, and thrice recrystal- 
lised from boiling water (Norite), yielding the pure acid (71 g.; m. p. 127-7—128-1°; ¢« = 13,000 
at 242 my) as long pale yellow needles. 

8-2 : 4-Dinitrophenylpropionyl Chloride.—The acid (15 g.) was treated with thionyl chloride 
(10 ml.; freshly distilled from linseed oil) and refluxed in an oil-bath at 100° until homogeneous 
(ca. 1 hour). Excess of thionyl chloride was removed by distillation, and the last traces were 
removed in vacuo at 100°. The acid chloride, a yellow viscous liquid obtained in theoretical 
yield, was preserved in a well-corked flask kept in a desiccator. 

Alcohols used.—Butyl and amyl alcohol were pure specimens supplied by the Bureau inter- 
national des étalons physico-chimiques. Dodecyl and tetradecyl alcohol (m. p. 23-8° and 37-5°, 
respectively) were prepared by sodium and alcohol reduction of Dika fat and fractionation of the 
resultant alcohols. Methyl 12-hydroxystearate, ricinoleate, oleate, and linoleate were prepared 
in these laboratories (Riley, Joc. cit.). Methyl 9: 10-dihydroxystearate (m. p. 111-5—112°) 
was prepared by esterification of 9: 10-dihydroxystearic acid (m. p. 141°) isolated from castor 
oil. Methyl 9: 10: 12: 13-tetrahydroxystearate was prepared by esterification of tetrahydroxy- 
stearic acid (m. p. 171°), produced by alkaline permanganate oxidation (Lapworth and Mottram, 
J., 1925, 127, 1628) of a concentrate of linoleic acid and removal of the isomeric tetrahydroxy- 
stearic acid, m. p. 157°, also formed. The other alcohols used were good commercial specimens 
which had been carefully fractionated. 

Method.—The hydroxyl compound (0-1—0-4 g.) is weighed into a 6” x 1” Pyrex boiling- 
tube, about twice the theoretical quantity of 8-2 : 4-dinitrophenylpropiony] chloride added, and 
the tube is loosely stoppered with a Kjeldahl stopper. The mixture is heated to 90° for 1 minute 
with continual shaking, the onset of the reaction being indicated by the evolution of copious 
fumes of hydrogen chloride. The product is poured into warm water (40 ml.) and heated on the 
water-bath for 20 minutes to hydrolyse the excess of acid chloride; after cooling, N-sodium 
carbonate (2 ml.) is added, and the solution extracted twice with ether. In order to obtain high 
recoveries of the ester, the reaction tube should be filled with hot water, and, after cooling, 
washed out with ether; both water and ether are added to the main extraction. In no circum- 
stances should the hydrolysis of the acid chloride be carried out in the reaction tube, since the 
resultant ester is much darkened under these conditions. The free @-2 : 4-dinitrophenylprop- 
ionic acid is washed out from the ethereal layer by three extractions with 10-ml. portions of N- 
sodium carbonate solution, and washed with water until neutral. The ethereal extract is dried 
(Na,SO,), and the ether distilled off, the last traces being removed in vacuo at a temperature not 
exceeding 80°. The extinction coefficient of the product in solution in ethyl alcohol is 
determined at 242 my. If the ester is not readily soluble in alcohol (as in the case of the esters 
of tetrahydric alcohols), it may be dissolved in 2 ml. of ether and then made up to volume with 
alcohol. 

Calculation.—If the extinction coefficient (E}%,,) of the ester at 242 my is x, then the percen- 
tage of 8-2 : 4-dinitrophenylpropionyl group in the ester, viz., y = 100%/604-3, and the acetyl 
value = 5610y/(2390—18y), and hydroxyl = 1700y/(23,900—222y)%. 

The author thanks Professor T. P. Hilditch, F.R.S., C.B.E., for his advice and criticism 
during the course of this work, and Dr. A. L. J. Buckle for microanalyses. 

THE UNIVERSITY, LIVERPOOL. [Received, February 26th, 1952.) 
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392. The Absorption of Some Organic Bases by Carboxylic Acid 
Ion-exchange Resins. Part I. Equilibrium Studies. 


By L. SAUNDERS and R. S. SRIVASTAVA. 


Quantitative studies of the equilibrium distributions of a number of 
organic bases between their solutions (aqueous and alcoholic) and weak acid 
ion-exchange resins have been made. The volume changes of the resin 
caused by changing the solvent and by absorption of bases have also been 
observed. 

The distribution results have been presented, after calculation of molar 
concentrations per unit volume of the bases in both resin and solution 
phases. Mathematical relations between these equilibirum concentrations 
have been developed. 

An analogy between the logarithmic form of the equilibrium distribution 
equation which fits most of the results, and the dose-response equation of 
quantitative biology, is indicated. 


WorK reported previously (J., 1950, 2915) has been extended by the study of the 
absorption of a number of organic bases from aqueous, water-ethanol, or ethanolic solutions 
by various carboxylic acid ion-exchange resins. We now describe the results of studies 
of the equilibrium distributions of some bases between their solutions and the resins. 
Observations have also been made of the swelling of the resins caused by saturating them 
with the different bases. 

The word absorption has been used in this paper to describe the uptake of bases by the 
resin, since this involves the transfer of material from bulk solution to bulk resin phase. 
We suggest that the term adsorption should be reserved to describe the uptake of macro- 
molecular materials by highly cross-linked resins, a process which occurs mainly at the 
resin particle-solution interface. 

Since the above paper was published, several accounts of further work with the weak 
acid type of resin have appeared. For example, Talboys (Nature, 1950, 166, 1077) has 
reported the use of the sodium salt of the resin for purifying a bacterial pectinase, and 
Lee Huyck (Amer. J. Pharm., 1950, 122, 228) has reported that Amberlite IRC50 is a good 
absorbing medium for a base such as ephedrine. Weiss (Nature, 1950, 166, 66) has 
suggested that weak acid resins can be used in the dissociated, ¢.g., sodium, form as an 
absorbing material for organic anions. 


EXPERIMENTAL 


Except where otherwise stated all the work has been carried out with a large, uniform batch 
of Amberlite TRC50. Resin samples were dried at 110° to constant weight and weighed as this 
dry, hydrogen form; heating to this temperature has been shown to have no measurable effect 
on the absorption properties of the resin. Before use, the weighed dried sample was saturated 
overnight with the appropriate solvent, containing some hydrochloric acid to ensure complete 
conversion into the hydrogen form. It was then washed thoroughly with pure solvent, surface- 
dried by being spread on filter-paper, and put into the solution of base under investigation. In 
some cases, before being washed, the resin was cycled between ammonium and hydrogen forms 
several times; this variation was also found to have no observable effect on absorption 
properties. 

Methacrylic acid resins were prepared by copolymerising redistilled methacrylic acid and 
divinylbenzene, as described by Topp and Pepper (J., 1949, 3299). These resins were weighed 
as the 110°-dried hydrogen form and saturated with solvent before use, as described above. 

Both Amberlite IRC50 and the methacrylic acid resins showed the typical sodium hydroxide 
titration curves of weak acid resins (cf. Topp and Pepper, /oc. cit.). 

The following organic bases were obtained in the purest form available and were subsequently 
dried and fractionally distilled in an all-glass apparatus, precautions being taken to prevent 
contamination with moisture or carbon dioxide; appropriate fractions were collected, having 
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the following properties : piperidine, d?° 0-8608, n?? 1-4532; benzylamine, d}° 0-9822, nf 1-5400, 
b. p. 183-5°; n-butylamine, d?° 0-7405, n# 1-4068, b. p. 78°; pyridine, d7° 0-9820, nP 1-5092, 
b. p. 115°; aniline, d?° 1-0220, n?? 1-5862, b. p. 184°; dimethylaniline, d7° 0-9560, nP 1-5582, 
b. p. 193-5°. 

Ephedrine and (+)-¢-ephedrine were purified by recrystallisation from ether, giving 
ephedrine, m. p. 38-0°, and (+)-$-ephedrine, m. p. 116-5°, [a]%, +51-0° (in ethanol). Quinine 
was purified as already described (J., 1950, 2915). Nicotine was fractionally distilled under 
reduced pressure in the presence of nitrogen, and had d?° 1-0096, n?? 1-5278, («]?? — 168°. 

n-Heptylamine and a- and §-naphthylamine were not further purified. The materials used 
had the following properties: n-heptylamine, n#* 1-4195, dj® 0-7768; a-naphthylamine, 
m. p. 49-5°; $-naphthylamine, m. p. 112-5°. Caffeine, recrystallised from hot water and then 
heated to constant weight at 110°, had m. p. 235-5°._ Dodecylamine was fractionally frozen until 
of m. p. 27-5°. 

Densities were determined by means of a 10-ml. pycnometer, appropriate buoyancy 
corrections being applied to the weighings; refractive indices were measured by means of an 
Abbé refractometer. 

The solvents used were freshly distilled water, 50% (by vol.) water—-ethanol mixtures, and 
“‘ absolute ’’ ethanol (referred to subsequently as ethanol), containing 0-5% of water. 

Equilibrium Studies.—These were carried out by making up solutions of the various bases 
in the appropriate solvents by conventional volumetric techniques, and adding to these known 
amounts of resin saturated with the solvent (all resin weights referring to the 110°-dried 
hydrogen form) and surface-dried, as already described. Well-stoppered flasks containing resin 
and base solution were set aside, with intermittent shaking, in a room whose temperature was 
controlled to 20°+2°, until no further changes in solution concentration occurred (up to 10— 
12 days with the weaker bases). Blanks consisting of solutions without resin were kept for 
similar periods to ensure that no changes of concentration other than those due to absorption of 
base by the resin occurred. Other blanks consisting of resin and pure solvent were also set 
aside to ensure that no detectable amounts of material were dissolved out of the resin under 
the conditions of the experiments. 

When the resin-solution mixtures had reached equilibrium, the solutions were analysed for 
base content. From these and the initial solution concentrations, the amounts of base absorbed 
by the resin were calculated. In a few cases, a small correction had to be applied to allow for 
the decrease in solution volume caused by the swelling of the resin during absorption. 

Methods of Analysis.—Several different analytical methods were used. Quinine and 
nicotine were determined polarimetrically in a 10-cm. tube with the D-line from a sodium lamp; 
rotation—concentration curves for these bases in the different solvents were prepared. All the 
other bases were determined by means of a Rayleigh interference refractometer, a 1 cm. cell and 
white light illumination being used, the vernier readings of this instrument being converted into 
concentrations from previously prepared reading—concentration curves for each base in each 
solvent. 

In addition to analyses by the above methods, the stronger bases such as piperidine and the 
ephedrines were determined by volumetric titration with standard acid; pyridine was 
determined by means of a photoelectric turbidimeter, after precipitation with phosphotungstic 
acid; caffeine was determined by evaporating the solutions to dryness and heating the residues 
to constant weight at 105°. 

Concentrations in the Resin Phase.—In order to present the results in a uniform manner, the 
equilibrium concentrations of bases have been expressed as moles per litre of total external 
phase volume in both resin and solution phases. To evaluate concentrations in the resin phase 
it has been necessary to determine “‘ specific volumes ”’ of the resin in the different solvents used 
and to measure the swelling of the resin on absorption of the different bases. 

Swelling of the Resin.—The saturation swelling of the resin, 7.e., the swelling produced by 
prolonged contact with a concentrated solution of the base, has been determined for all the 
bases in the solvents used in the equilibrium work. These determinations have been carried 
out by two methods. 

(i) The first was based on direct microscopic observation. A spherical particle of 
solvent-saturated, hydrogen form of the resin was picked out from a sample and held between 
optically flat glass plates under the objective of a microscope fitted with a micrometer eyepiece. 
The microscope was focused so as to give the particle a sharp periphery, and its diameter was 
measured in two mutually perpendicular directions. During this measurement, the space 
between the glass plates was filled with solvent. A concentrated solution of base was then 
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allowed to flow round the particle from a reservoir consisting of a tap-funnel connected to a 
hypodermic needle inserted between the glass plates. When no further change of the particle 
size occurred, the perpendicular diameters were again measured. The linear swellings measured 
by this method were found to be completely reversible; i.e., when acid dissolved in the same 
solvent flowed round a resin particle saturated with base, it regained its original diameter, 
showing that no slow flattening of the particle between the plates had occurred. 

With aqueous solutions of the stronger bases, the particles often ruptured before complete 
saturation. When this occurred, the technique was reversed; a sample of resin was saturated 
with the base solution, a spherical particle was selected, and the decrease in mean diameter 
produced by flow of solvent containing acid around it, for a long time, was measured. 

From these results percentage particle diameter increases (all based on the diameter of the 
hydrogen form in the solvent used) were found and the values were checked by determinations 
using several different particles. Observations were also made of the effects on the particle 
diameters of various forms of the resin of changing the solvent from water to ethanol. 

Estimates of percentage volume changes were made from the percentage diameter changes 
by consideration of the fact that in the swelling experiments the particle will be unable to swell 
freely in one dimension, owing to the presence of the glass plates. In the shrinking experiments 
it will be able to contract freely from a sphere to a sphere of smaller diameter. The exact shape 
assumed by the resin particle when it swells between the glass plates is uncertain, and this 
produces some uncertainty in the conversion of linear into volume swellings. 

(ii) The second method used for studying volume changes was by direct determination of 
the volume of 1 g. (weighed as dry, hydrogen form) of the resin, saturated with various liquids. 
The resin was removed from the liquid, rapidly surface-dried, and then put into the new volume 
of equilibrium liquid contained in a micro-burette; the change in burette reading gave a direct 
measure of the resin volume. Results obtained by this method showed reasonable agreement 
with those obtained by the microscope method. 

Since this work was carried out, Gregor, Held, and Bellin (Analyt. Chem., 1951, 
23, 620) have described various methods of measuring external volumes of ion-exchange 
resins. Despite the uncertainty concerning the factor for conversion of linear into volume 
swellings, the direct observation method is probably the soundest, for all methods depending 
on the removal of resin particles from their liquid environment involve other, and perhaps 
greater, uncertainties. 

The following table shows the mean volume increases (%) of the hydrogen form of Amberlite 
IRC50 on saturation with various bases, in the solvents indicated. 


Base Water 50% Ethanol ; Water 50% Ethanol 
Sodium hydroxide 53 _— 20 
Piperidine 51 37 r , 10 
Ephedrine 49 _— ili 
(+)-#-Ephedrine 5 


— 4 
49 

In absolute ethanol, none of the bases caused swellings greater than 5% by volume. This 
result is of practical value in column work, since by working in ethanol solutions the jamming 
of the column caused by large volume changes can be avoided. 

The hydrogen form of the resin was found to swell by 38% by volume on change from water 
to ethanol solvent and this increase was exactly reversed by passing back to water. The 
“‘ specific volumes ”’ (volumes per g. of the 110°-dried hydrogen form of the resin, IRC50) were 
found to be: 1-60 ml./g. in water, 2-10 ml./g. in 50% ethanol, and 2-25 ml./g. in ethanol. 

Volume changes of the resin saturated with base, on changing from water to ethanol solvent, 
were of two types. For weak bases such as pyridine and caffeine, an increase of volume occurred 
as with the hydrogen form. For strong bases, however, such as sodium hydroxide, ammonia, 
or piperidine, a marked shrinkage on changing to ethanol solvent occurred. These results can 
be explained by considering that two main swelling mechanisms operate: (i) an effect due to 
the solvation of the hydrocarbon structure of the resin by organic solvents; (ii) an electrostatic 
effect due to the mutual repulsions of ionised carboxyl groups held close to one another in the 
macromolecular resin structure. A third, less important, effect is the swelling caused by the 
molecular size of the absorbate. The solvation effect causes the swelling of the hydrogen and 
weak-base forms of the resin, which are only slightly ionised, on changing from water to ethanol 
solvent. With the ionised strong-base forms of the resin, the electrostatic swelling will be a 
function of the dielectric constant of the solvent : on changing from water to ethanol this falls 
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considerably and the repulsions between carboxyl groups are reduced, causing a shrinking of 
the resin which outweighs the solvation swelling. 

The degree of cross-linking of methacrylic acid resins very much affects the amount of 
swelling observed (cf. Pepper, J. Appl. Chem., 1951, 1, 124; Gregor et al., loc. cit.); e.g., the 
volumes per g. (110°-dry hydrogen form) of various methacrylic acid resins containing divinyl- 
benzene in the ratios 10: 5: 2-5: 1, were found to be 3-5, 3-8, 5-1, and 7-3 ml./g., respectively, in 
50% alcohol. 

Maximum Exchange in n/4-Solutions—The maximum absorption from N/4-solutions of 
bases by the resins (hereinafter abbreviated to N/4-absorptions) have been determined by 
measuring equilibrium absorptions when 100 ml. of N/4-base solution were put into contact 
with 1 g. of resin. The results are recorded in the following table. Col. 4 shows the N/4- 


‘‘ n/4-Absorptions ’’ of bases by carboxylic acid resins. 


Methacrylic acid resin (with 10% Amberlite 

of divinylbenzene) IRC50 

M.-moles/10 m.-equiv. 

Solvent * M.-moles/g. f CO M.-moles/g. 
9-10 
5-06 
3-70 
2-80 
Pyridine .. tants 3 3°68 


1] 
7 


wisdoar 


Piperidine 


SO m bo bo bo @ 
2S 


Ephedrine 


IUHSt 


Veo edad 
eh ea a 


sé 


Quinine 


oa 


* H,O-EtOH = 50% mixture. 


absorptions of the bases per 10 m.-equiv. of carboxy] in the resin, the N/4-absorption for sodium 
hydroxide being used as a measure of the amount of exchangeable carboxyl present per g. of 
resin. Comparison of these value with those in col. 3 shows that, on this basis, the values for 
the two resins are quite similar. 

The n/4-absorptions of quinine and sodium hydroxide by methacrylic acid resins containing 
varying proportions of divinylbenzene, are shown below. 


Divinylbenzene (approximate NaOH, Quinine, Quinine, m.-moles/10 m.-equiv. 
% in the resin) m-.moles/g. m.-moles/g. of CO,H 
10 . 1-95 
5 “92 2-17 
2-5 . 2-69 
l , 2-95 
The value for sodium hydroxide being taken as a measure of the amount of exchangeable 
carboxyl per g., the N/4-absorption for quinine per 10 m.-equivs. of carboxyl group increases 
as the degree of cross-linking of the resin, t.e., as the proportion of divinylbenzene present 
decreases. 
DIscussION 


Equilibrium Distributions—The reversible nature and definite character of the 
equilibrium distributions of bases between solution and resin have been demonstrated in 
the case of quinine by showing that the distribution is independent of resin particle size 
(e.g., 1 g. of resin + 25 ml. of ethanol solution containing 6-17 m.-moles of quinine absorbed 
2-07 m.-moles of quinine at equilibrium with 20—40 B.S.S. resin, 2-07 m.-moles with 
40—60 B.S.S., and 2-08 with <60 B.S.S.) and also that they are in fact reversible. To 
show this with quinine, a sample of resin already saturated with the base was allowed to 
come to equilibrium with pure ethanol. Although the results of these reverse equilibrium 
experiments were not in exact agreement with distributions obtained in the forward 
direction, the discrepancies were not greater than could be accounted for by the larger 
errors of the reverse-direction measurements and were sufficient to establish that the 
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absorption process is reversible. The systems studied can be classified into two groups ; 
the first, consisting of very weak bases, follow a simple distribution law 
Concentration of base in resin 
Concentration in equilibrium solution 





= constant ii) =e i 


in the second group, the distributions mostly follow a logarithmic law. 

For uniformity, the concentrations of base in the two bulk phases have been expressed 
in the same units, moles per litre of total phase volume: C has been used to denote the 
concentration of base in the equilibrium solution in these units, and y denotes the 
corresponding base concentration in the resin phase, in moles of base per litre of total 


resin phase volume. 
Fic. 2. Equilibrium distributions of bases between 
Amberlite IRC50 and their solutions in water 
(CO) and 50% ethanol (x). 





Fic. 1. Equilibrium distributions of bases between 
Amberlite IRC50 and their solutions in ethanol. 
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(Numbers indicate the bases listed in the table on p. 2117.) 





The values of y have been calculated from x, the amount of base absorbed per g. of 
110°-dried hydrogen form of the resin, the specific volume and swelling data already 
recorded being used. In the cases of systems following equation (1) the swelling effects 
are very small; y has been calculated on the assumption that the amount of swelling was 
proportional to the amount of base absorbed. An example of a system following the 
simple distribution law is given in the table below. 


Equilibrium data for absorption of pyridine from alcoholic solution by Amberlite IRC50. 
Initial concn., Wt. of resin, g./ M.-moles 
m.-moles/100 ml. 100 ml. of solution absorbed Cc y¥/C 
3-09 3-15 0-71 . 0-0238 4-22 
6-17 3-15 1-38 . 0-0479 4-07 
12-34 3-15 3-05 . 0-0929 4-63 
24-68 3-15 5-82 *812 0-1886 4°33 
Other solutions obeying equation (1) were found to be: (i) Aniline in 50% ethanol, 
const. = 2-2; (ii) dimethylaniline in 50% ethanol, const. = 2-2; (iii) a-naphthylamine in 
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Fic. 3. Representing y = A log C + B. 





Fic. 4. Representing y = A logC + B. 























(Numbers indicate the bases listed in the table on p. 2117.) 


Correlation between A and pKy. 
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3. 6. Correlation between B and pKg. 
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Solvents used: x, water; OC, 50% ethanol; @, pure ethanol. 
(Numbers as on p. 2117.) 
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ethanol, const. = 2-0; (iv) §-naphthylamine in ethanol, const. = 2-2; (v) caffeine in water, 
const. = 13-6. 

The homocyclic bases all give a very similar value of the constant. It must be 
remembered that the resin itself contains a certain amount of solvent and part of the 
constant of equation (1) will be due to a straightforward distribution of solute between 
solvent in solution and in the resin phase. 

If a system follows equation (1) it seems likely that the absorption is a simple 
distribution of un-ionised base between resin and solution, i.e., a molecular absorption, the 
un-ionised base presumably being held to the carboxyl groups of the resin by a dipole- 
association mechanism. 

The equilibrium results for the systems containing stronger bases were mostly found to 
follow a logarithmic type of distribution law. The figures show the experimental curves 
relating x to log C. 

The linearity of the plots in ethanol solution (see Fig. 1) is very clear, apart from the 
anomalous results for nicotine. Since none of the bases causes very much swelling of the 
resin when absorbed from ethanol solution, the y—log C plots are similar in form. 

In 50% ethanol and in aqueous solution (see Fig. 2) the nicotine curves are again 
anomalous. The piperidine and pyridine plots show some curvature, but the remaining 
graphs do not deviate very greatly from linearity. In these solvents quite large resin 
volume changes occurred on absorption of base, and in order to calculate values of y from 
x, we have again assumed that the swelling is a linear function of base absorbed. An 
experimental check has indicated that in the case of the larger swellings, e.g., piperidine in 
water, this assumption may introduce errors in y of the order of 5%. 

The plots of y against log C are shown for all the systems in Figs. 3 and 4. The 
substitution of y for x improves the linearity in some cases. The following table shows 
the values of the constants A and B for the equation 


y=AlogC+B 


for the different systems, derived from the straight lines shown in Figs. 3 and 4. 


Values of the constants of the equation, y = A log C+ B 


Curve in fig. 


Base 
Piperidine 
Piperidine * 
Piperidine 


Solvent 
H,O 
H,O-EtOH 
EtOH 


A 
2-80 
1-82 
1-30 


B 
9-35 
6-12 
4°47 


(+)-#-Ephedrine a 0-97 3:14 
n-Butylamine ~ 1-29 4°36 
n-Heptylamine js 1-26 4-16 
n-Dodecylamine - 1-01 2-65 
Benzylamine * 1-10 3°67 


WNmeK COOMA Ur one 


Quinine 
Quinine 
Pyridine 
Nicotine t 
Nicotine + 
Nicotine ¢ 
Pyridine * 
Aniline * 


H,O-EtOH 
EtOH 
H,O 


H,O-EtOH 
EtOH 
H,O-EtOH 
H,O 


0-48 
0-33 
0:77 
1-10 
0-55 
0-52 
0-57 
0-76 


1-70 
1-23 
2-80 
3-96 
2-12 
1-63 
1-42 
1-99 


* Distinct curvature of y-log C plot. 
+ Wide deviations from straight line plot of y against log C. 


Figs. 5 and 6 show the way in which A and B vary with the dissociation constant 
exponents pK, of the bases. The values of pK, have been determined by potentiometric 
titration, corrections put forward by the authors (J. Pharm. Pharmacol., 1951, 3,78, and in 
preparation) being used for the 50% ethanol and ethanol solutions. Both A and B 
decrease with decreasing base strength. The straight lines shown in Figs. 5 and 6 represent 
the regressions A/pKy and B/pKg, respectively. 

The effect of molecular size on the values of A and B is illustrated by the results for 
butylamine, heptylamine, and dodecylamine (5, 6, and 7). These three bases all have 
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similar dissociation constants, but their A and B values decrease markedly as molecular 
size increases. 

The form of the logarithmic distribution equation (2) is analogous to that relating 
quantitative biological responses produced by physiologically active bases and other 
materials, to doses administered to animals (cf. Burn, ‘‘ Biological Standardisation,”’ 
Oxford Med. Pub., 1950, p. 19). 

A provisional theory for the form of equation (2) can be developed by making the 
following assumptions: (1) That the base is completely ionised in the resin phase. This 
assumption is supported for smaller absorptions of base by Honda’s measurements of the 
internal pH of Amberlite IRC50 by an indicator method; the results indicate a pH of 
about 4 in aqueous solutions (J. Chem. Soc. Japan, 1950, 71, 440). (2) That the activity 
correcting factor in the equations derived is constant. (3) That the free energy required 
to ionise a carboxyl group in the resin phase increases linearly as the amount of base 
absorbed (¢.e., as y) increases. Ionisation of one carboxyl group by absorption of base is 
likely to affect neighbouring groups in the same way as the ionisation of one carboxyl 
group of a polybasic acid increases the free energy required to ionise the other groups. As 
a result, potential energy will be stored in the gel structure of the resin as ionisation 
proceeds, owing to the proximity of negatively charged carboxyl groups whose charges 
cannot be effectively shielded from one another by the gegen-ions, owing to the presence of 
the electrically neutral hydrocarbon structure of the resin. This is likely to provide a 
less effective shield between the negatively charged groups than the cations in the resin. 

In some cases the stored potential energy appears as an appreciable swelling of the 
resin. The primarily electrostatic nature of the swellings of these weak acid resins is 
indicated by the observations (see table, p. 2113) that stronger bases all cause similar 
swellings and the sodium form of the resin shrinks when immersed in ethanol. 

The potential or free-energy storage produced by the ionisation of a weak electrolyte 
gel may be a significant factor in some biosynthetic processes. 


The authors thank Professor W. H. Linnell for his interest and support. 
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393. A Synthesis of Cyananthrene. 


By WILLIAM BRADLEY and FRANK K. SUTCLIFFE. 


Dipyridino(2’ : 3’-3 : 4)(2” : 3-12: 13)isoviolanthrone (VI) has_ been 
synthesised and shown to be identical with cyananthrene, the first colouring 
matter of the violanthrone series to be discovered. 


PRuUD’ HOMME (Bull. Soc. chim., 1877, 28, 62) observed that 3-nitroalizarin, when heated 
with glycerol and sulphuric acid, afforded a blue colouring matter. Graebe (Annalen, 
1880, 201, 349) showed it to be a derivative of the ‘‘ quinone of anthraquinoline ’’ (1). 


Bally (Ber., 1905, 38, 194) obtained ‘‘ benzanthronequinoline ’’ by heating 2-aminoanthra- 
quinone with glycerol and sulphuric acid, and showed that the same product could be 
derived by similar treatment of (I). He believed “‘ benzanthronequinoline ’’ to have the 
structure (II), but he did not, in fact, obtain evidence for the position of the benzo-ring. 
The correct formulation (III; X = H) was established by Pandit, Tilak, and Venkatara- 
man (Proc. Indian Acad. Sci., 1950, 32, 39). Day (J., 1940, 1474) had oriented 3-bromo- 
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9-nitromesobenzanthrone (IV; X = NO,) and Pandit et al. reduced this to the related 
amine, eliminated the bromine, and formed the resulting 9-aminomesobenzanthrone into 
(III; X = H) identical with Bally’s ‘‘ benzanthronequinoline.”’ 

Bally (loc. cit.; G.P. 172,609) found heating with potassium hydroxide converted “‘ benz- 
anthronequinoline ’’ into a violet-blue quinonoid colouring matter; this he named cyan- 
anthrene. According to Houben (‘‘ Das Anthracen und die Anthrachinone,’’ G, Thieme 
Verlag, Leipzig, 1929, p. 782), cyananthrene is a dipyridino-derivative of violanthrone, 
which itself results in similar circumstances by the alkali fusion of mesobenzanthrone. 
Pandit et al. adopted the same view, and suggested the formulation (V), based on their 
proof of the true structure (III; X = H) of “‘ benzanthronequinoline.”’ 
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1, Cyananthrene : Max. at 220 (E = 750), 277 (E = 765), 373 (E = 290), 450 (E = 175), 614 (E = 320), 
667 (E = 445), 737 (E = 1400), and 807 mp (E = 360). 


2, isoViolanthrone : Max. at 220(E = 980), 270 (E = 920), 390 (E = 508), 668 (E = 1030), and 732 my 
(E = 2470). 


3, Violanthrone : Max. at 223 (E = 1010), 385 (E = 260), 573 (E = 550), 760 (E = 460), and 845 mu 
(E = 580). 


In the present work cyananthrene was prepared by Bally’s method, except that a melt 
consisting of potassium hydroxide and potassium acetate was advantageous because the 
reactants remained fluid throughout the operation. It was found that at 240—250° the 
main product was a black substance; a small amount of an acidic substance was formed at 
the same time. The black product, purified by dissolution in warm, alkaline sodium 
dithionite containing pyridine, yielded a portion soluble in 1 : 2 : 4-trichlorobenzene, and 


this, after further purification by chromatography, exhibited all the reactions of cyan- 
anthrene. Analysis showed it to be a dipyridino-derivative of violanthrone or isoviol- 
anthrone, and its absorption spectrum (see Fig.) in concentrated sulphuric acid showed it 
to have the iso-configuration (VI). The tso-structure was confirmed by a synthesis of 
cyananthrene from 3-bromopyridino(3’ : 2’-8 : 9)mesobenzanthrone (III; X = Br), under 
conditions which convert 3-bromomesobenzanthrone (IV; X = H) into tsoviolanthrone 
(G.P. 194,252). 

As recorded by Brown (J. Soc. Dyers and Col., 1906, 22, 11) cyananthrene is much less 
readily reduced by alkaline sodium dithionite solutions than is violanthrone or isoviol- 
anthrone, a circumstance which probably arises from its larger molecular size. 

An attempt was made to prepare (V), the isomer of cyananthrene, from (III; X = Br). 


3-Bromopyridino(3’ : 2’-8 : 9)mesobenzanthrone, however, when heated with copper, 
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yielded none of the expected dimesobenzanthronyl derivative, but only pyridino(3’ : 2’- 
8 : 9)mesobenzanthrone or a black, insoluble product, probably a complex pyridinium salt, 
depending on the reaction conditions. 

The 3-bromopyridino(3’ : 2’-8 : 9)mesobenzanthrone employed in these experiments 
was identical with the monobromo-derivative of pyridino(3’ : 2’-8 : 9)mesobenzanthrone 
prepared by bromination of the parent ketone, the constitution of which is thus established. 

When heated with potassium hydroxide and manganese dioxide pyridino(3’ : 2’-8 : 9)- 
mesobenzanthrone yields a degradation product, [C,,H,O,N]o,. Under similar conditions 
mesobenzanthrone and 1:8: 9-naphthanthr-10-one yield hydroxy-derivatives (Bradley 
and Sutcliffe, J., 1951, 2118). 

EXPERIMENTAL 

Pyridino(3’ : 2’-8 : 9)mesobenzanthrone.—Prepared by condensing 2-aminoanthraquinone 
with glycerol and sulphuric acid, this compound had m. p. 250—252° (Bally, Joc. cit., records 
251—-252°) (Found: C, 85-0; H, 40; N, 4:9. Calc. for C,)H,,ON: C, 85-5; H, 3-9; N, 
5:0%); yields were generally 20—30%. The compound dissolved in concentrated sulphuric 
acid with an orange colour and a green fluorescence; light absorption maximum, 503 my 
(Ei%,, = 480); minimum, 490 my (E}%,, = 440). 

3-Bromopyridino(3’ : 2’-8 : 9)mesobenzanthrone.—(a) 3-Bromo-9-nitromesobenzanthrone (Day, 
loc. cit.) was reduced to the related amine, as described by Pandit et al. (loc. cit.). 

9-Amino-3-bromomesobenzanthrone (3 g.) was dissolved in concentrated sulphuric acid 
(33 c.c.), and a solution of glycerol (3 g.) in water (10 c.c.) was added slowly, with stirring, 
below 50°. After 3-5 hours’ heating at 140—150°, the product was cooled and added to water 
(11.). The olive-green product was collected, washed, extracted with hot 1% sodium hydroxide 
solution, then recovered, washed, and dried. Extraction with 300 c.c. of chlorobenzene at the 
b. p. afforded a solution, from which a solid separated on cooling. Recrystallisation from 
chlorobenzene gave golden-yellow leaflets, m. p. 297—-298° (2-6 g.) (Found: C, 66-5; H, 2-75; 
N, 4:15; Br, 22-1. C,,.H,,ONBr requires C, 66-7; H, 2-8; N, 3-9; Br, 22-2%). The solution 
in concentrated sulphuric acid was orange with a weak green fluorescence; light absorption 
maxima at 444 (E}*, = 325) and 532 my (E}%,, = 825). 

(6) Direct bromination of pyridino(3’ : 2’-8 : 9)mesobenzanthrone, according to G.P. 193,959, 
afforded a product, m. p. 294—295°, which did not depress the m. p. of the 3-bromo-derivative 
described in (a). 

3-Bromopyridinomesobenzanthrone was recovered unchanged after being heated with copper 
in 2-methylnaphthalene, phenol, or m-cresol at the b. p.s of these solvents. Heated and 
stirred with activated copper bronze (3 g.; Kleiderer and Adams, J. Amer. Chem. Soc., 1933, 55, 
4225) in quinoline (10 c.c.) for 5 hours, 3-bromopyridinomesobenzanthrone (3 g.) afforded a sus- 
pension and this was filtered. The residue was extracted with boiling o-dichlorobenzene (100 
c.c.), and the filtered solution was added to the quinoline filtrate. On cooling, 2-2 g. of yellowish- 
brown crystals separated, which, recrystallised from o-dichlorobenzene, had m. p. 250° alone or 
mixed with authentic pyridino(3’ : 2’-8 : 9)mesobenzanthrone. 

At 320—330°, and in the absence of an added solvent, copper and 3-bromopyridino(3’ : 2’- 
8 : 9)mesobenzanthrone afforded only a black powder, m. p. above 360°. 

Dipyridino(2’ : 3’-3 : 4)(2” : 3’’-12 : 13)isoviolanthrone.—(a) Action of potassium hydroxide on 
pyridino(3’ : 2’-8 :9)mesobenzanthrone. Pyridino(3’ : 2’-8 : 9)mesobenzanthrone (20 g.) was added 
portionwise, with stirring, to potassium hydroxide (200 g.) and potassium acetate (20 g.) at 
240—250°. The addition complete, the mixture was kept at this temperature for an hour, then 
added, while still molten, to water (2 1.). The resulting suspension was stirred and aérated for 
an hour at 90—100°, then filtered, and the black, insoluble portion was extracted with 4% 
aqueous sodium hydroxide (2 1.) at 90—100°. After repetition of the alkali-extraction twice, 
nothing more dissolved. 

The black product (16 g.), extracted with acetone, afforded 0-1 g. of unchanged pyridino- 
mesobenzanthrone. The undissolved residue was continuously extracted with a mixture of 
1: 2: 4-trichlorobenzene (300 c.c.) and phenol (30 g.) until the extracts, initially blue-black, 
were only pale blue. A portion (A) (12 g.) remained undissolved. The cooled extracts afforded 
4 g. of a violet-black product (B), and an additional 0-5 g. of the same material was obtained by 
concentrating the mother-liquors. The remaining solution, chromatographed on alumina, gave 
mainly pyridinomesobenzanthrone. 

A portion (0-25 g.) of (B) was dissolved in trichlorobenzene (250 c.c.) and was passed through 
a 200 x 25-mm. column of alumina (B.D.H. for chromatographic analysis) at 160—170°. The 
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chromatogram was developed by means of nearly boiling trichlorobenzene (500 c.c.), and then 
with 1 1. of trichlorobenzene—phenol (10: 1). A black product remained at the top of the column, 
and a dark blue, homogeneous band formed immediately below; a pale yellow band passed 
throughthecolumn. The blue band was eluted by means of hot trichlorobenzene— phenol (1 : 1) ; 
the eluate, concentrated to half-bulk and then cooled, afforded a solid, and this was crystallised 
from trichlorobenzene, giving 0-03 g. of a violet-black powder (Found: N, 4:8. C,H,,0,N, 
requires N, 5-0%). It formed a greenish-blue solution in concentrated sulphuric acid light 
absorption maxima at 277 (E}%, = 765), 667 (Ei%, = 445), and 737 mu (E}%, = 1400). 

When chromatography was omitted in the purification of (B), the product showed the same 
light absorption maxima, but the E values were smaller. 

The solubility of dipyridino(2’ : 3’-3 : 4)(2” : 3’’-12 : 13)isoviolanthrone in boiling 1: 2: 4- 
trichlorobenzene is approximately 0-1%. The solution is blue with a red fluorescence, which in 
concentrated solutions is so intense as almost to mask the blue colour; the fluorescence is in- 
hibited by small amounts of phenol or cresols. The isoviolanthrone derivative dissolved 
sparingly in hot alkaline aqueous sodium dithionite with a deep greenish-blue colour; dissolution 
was greatly facilitated when the medium contained 5—10% (by volume) of pyridine. 

The insoluble material (A) was a mixture. Extraction with a solution of sodium dithionite 
(10 g.) and sodium hydroxide (15 g.) in water (850 c.c.) and pyridine (150 c.c.) afforded a deep 
greenish-blue solution. This was filtered in an irert atmosphere, the filtrate was aérated, and 
the precipitate collected, washed, and dried (4-2 g.). - A portion of this (0-258) g. was extracted 
with boiling trichlorobenzene—phenol (1: 1) until no more dissolved. The extract, cooled and 
then mixed with benzene, afforded a precipitate consisting of impure dipyridinoisoviolanthrone 
(0-02 g.). The insoluble materia) was a black powder (0-216 g.), which was only slightly soluble 
in boiling phenol. It gave a bluish-green solution in concentrated sulphuric acid, but the 
absorption spectrum (maxima at 613, 680, and 747 my) differed from that of the dipyridino- 
isoviolanthrone, It dissolved with a bluish-green colour in a solution of sodium hydroxide and 
sodium dithionite in aqueous pyridine. 

When the temperature of the alkali fusion was 220—230°, about 30% of the pyridinomeso- 
benzanthrone was recovered unchanged. When the fusion was conducted with water (40 g.) 
instead of potassium acetate the result was similar, but the melt became more viscous and 
difficult to stir. 

(b) Action of alcoholic potassium hydroxide on 3-bromopyridino(3’ : 2’-8 : 9)mesobenz- 
anthrone. 3-Bromopyridino(3’ : 2’-8 : 9)mesobenzanthrone (4 g.) was added at 125° to a solu- 
tion of potassium hydroxide (20 g.) in alcohol (15 c.c.) containing water (2c.c.). After an hour’s 
heating under reflux, the dark product was cooled and mixed with water (250 c.c.), and the 
precipitated solid was collected. The filtrate was green; a very small amount of a gelatinous 
precipitate was slowly formed, leaving a colourless supernatant solution. The solid was 
extracted with hot 1% aqueous sodium hydroxide (3 x 300 c.c.). The initial extracts were 
purple, the last was colourless; acidification of the combined extracts gave only a minute 
amount of material. The residue (3-5 g.) was extracted exhaustively with hot chlorobenzene; 
unchanged 3-bromopyridino(3’ : 2’-8: 9)mesobenzanthrone (2 g.) dissolved. The insoluble 
fraction (1-3 g.) dissolved in concentrated sulphuric acid with a dull violet colour; it was very 
sparingly soluble in alkaline sodium dithionite solution. It dissolved readily in a solution of 
sodium dithionite (1-5 g.) and sodium hydroxide (2 g.) in water (85 c.c.) containing pyridine (15 
c.c.). Filtered in an inert atmosphere and then aérated, the deep greenish-blue solution afforded 
a dark precipitate. This dissolved almost completely in boiling cresol (mixed isomets; 100 
c.c.); the filtered solution, concentrated and then mixed with 1 : 2 : 4-trichlorobenzene, gave a 
black powder (0-5 g.). This gave a dull greenish-blue solution in concentrated sulphuric acid. 
A portion (0-2 g.) in hot trichlorobenzene (200 c.c.) was chromatographed on alumina (B.D.H. 
for chromatographic analysis; 50 g.) at 160—170°, and the chromatogram was developed with 
trichlorobenzene and then with trichlorobenzene-cresol (10:1). A blue band formed at the 
top of the column, and a yellow band passed through. The blue band was eluted by cresol at 
100°, and the extract so obtained was concentrated and then mixed with toluene. A violet- 
black powder separated, and this, washed with toluene and dried, showed all the properties of - 
dipyridinoisoviolanthrone prepared as in (a). 

(c) Pyridino(3’ : 2’-8 : 9)mesobenzanthrone (7-75 g.) was recovered almost unchanged after 
being heated (10 g.) for 12 hours at 88—90° with a solution of potassium hydroxide (50 g.) in 
ethanol (200 c.c.). 

Oxidation of Pyridino(3’ : 2’-8 : 9)mesobenzanthrone.—An intimate mixture of pyridinomeso- 


benzanthrone (10 g.) and manganese dioxide (10 g.) was added during 10 minutes to potassium 
6U 
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hydroxide (50 g.) and potassium acetate (5 g.) at 220—230°. The mixture rapidly became deep 
purple in colour and pasty. After 1-75 hours it was added to water (1 1.), and the black pre- 
cipitate was collected. Repeated extraction with hot 2% sodium hydroxide solution (800, 500, 
and 500 c.c.) dissolved 4-6 g. of material (C). The residue was suspended in water and treated 
with sulphur dioxide. The undissolved material dissolved in a solution of sodium dithionite 
(20 g.) and sodium hydroxide (20 g.) in water (950 c.c.) containing pyridine (50 c.c.), and the 
solution, filtered in an inert atmosphere and then aérated, yielded a solid (4-6 g.). Extracted 
with nitrobenzene, this yielded a small soluble portion and a residue (3-6 g.), which consisted 
mainly of dipyridinoisoviolanthrone. 

The substance (C) [Found : C, 62-2; H, 3-4; N, 6-2. (C,,H,O,N),, requires C, 62-6; H, 3-5; 
N, 6-1%] was insoluble in aqueous acids or sodium carbonate. It was unaffected by hot acetic 
anhydride, alone or with boroacetic anhydride. It formed a sodium salt, but this did not react 
with acetyl chloridein xylene. Its solution in aqueous sodium hydroxide remained unaltered after 
being shaken in the cold for several hours with methyl sulphate. It dissolved in concentrated 
sulphuric acid with an orange-brown colour and a green fluorescence; light absorption maxima 
at 481 (Ei%, = 1-2) and 455 my (E}%, = 1-08). 

The authors thank the University of Leeds for the award of an Imperial Chemical Industries 
Ltd. Research Fellowship to one of them (F. K. S.). 
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394. Fluorescence obtained from Formic Acid, Carbonyl Chloride, 
and Methylene Iodide. 


By P. J. DyNeE and D. W. G. STYLE. 


A fluorescence emitted by formic acid is described. The emission of part 
of the McClennen system of iodine from illuminated methylene iodide and of 
the analogous system of chlorine from illuminated carbonyl chloride is 
described and the origin of the excited halogen molecule discussed. 


Tuts paper describes further work on the excitation of fluorescence from simple molecules 
by light of wave-length 1250—2000 A. The apparatus was essentially that already 
described (Dyne and Style, Discuss. Faraday Soc., 1947, 2, 1591), apart from minor changes 
introduced to facilitate the dismantling of the hydrogen lamp from the fluorescence chamber 
and the frequent cleaning of the fluorite window, which was necessary with some of the 
substances investigated. 

Formic Acid.—Terenin and Neujmin (Acta Physicochim., U.R.S.S., 1935, 5, 465) 
reported a blue fluorescence to be emitted by flowing formic acid vapour when irradiated 
with light from a hydrogen discharge through a fluorite window. The active wave-length 
was shown to lie below 1600 A by the absence of fluorescence when a thin silica window was 
inserted in the exciting beam. They apparently experienced great difficulty in obtaining 
adequate exposures owing to the formation of an opaque deposit on the window (probably 
of paraformaldehyde), since they give no reproduction, wave-lengths, or adequate descrip- 
tion of the emission. Their suggestion that the emitter of the band system is CHO is 
scarcely justified by their evidence. They observed that the same system was emitted from 
formic acid in a high-frequency discharge. 

In the present work it was found that the intensity of the fluorescence fell off rapidly 
_ with time, but that by cleaning the window at half-hourly intervals with a cotton-wool 
pad, moistened first with acetone and then with alcohol, well-exposed plates could be 
obtained. Occasionally the occlusion of the window was delayed for several hours. The 
effectiveness of this cleansing procedure gradually diminished. Removal of the window 
and prolonged treatment with refluxing absolute alcohol at first restored the transparency, 
but this procedure also became progressively less effective. The loss in transparency by 
fluorite has been observed previously, notably by Platt and Klevens (Rev. Mod. Physics, 
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1944, 16, 182), who found that neither cleaning nor regrinding and polishing would restore 
it. They ascribe the loss of transparency to the formation of a surface film, but it seems 
more likely that changes in the body of the fluorite are responsible. The prolonged, and, 
on heating, quite intense ify, SHER which may be observed with fluorite after 
exposure to the hydrogen arc, demonstrates the existence of defect or impurity levels in 
fluorite. 

The formic acid bands excited by a high-frequency discharge through the flowing 
vapour were also investigated. An oscillator of the type described by Fairbrother and 
Tuck (Trans. Faraday Soc., 1935, 31, 520) was used. The leads from the secondary of the 
high-frequency transformer were twisted round the outside of a constriction of 4 mm. 
internal diameter in a short length of wider bore Pyrex tube at a separation of 3—4 cm. 
A rapid stream of vapour was distilled through the tube and the emission observed, end on, 
through a quartz window. At low pressures the spectrum was complex, bands of OH, 
CH, and CO being prominent, but at the highest pressure at which the discharge could be 
maintained (ca. 0-5 mm.), and with high rates of flow, the formic acid system was emitted 
with only slight interference from other spectra. 

The fluorescence and high-frequency: band systems are clearly identical (see Plate). 
The bands have no structure resolvable by a 10-cm. base glass prism. Some thirty bands 
can be distinguished. A satisfactory analysis has not been made, but there appears to be 
present a repeating pattern of four bands, which is most obvious at the short wave-length 
end of the system. The centres of these patterns are separated by ca. 1130 cm.~, and the 
internal intervals in the direction of increasing wave-length are 130, 460, and 180 cm."}. 
Methyl formate gave a fluorescence of similar colour to that of formic acid. The window 
was, however, completely fogged in 2—3 minutes and it was impossible to photograph 
the spectrum. 

For the emitter of the system there would seem to be four possibilities; H-CO,H, 

JO ZO 
7 : Hc’ , or HCO. The above evidence is inadequate to permit of any closer 

Nox ‘oO 
identification. 

Carbonyl Chloride—It was hoped, by analogy with formaldehyde, that carbonyl 
chloride would give rise to a spectrum of COC]. Indeed, a single diffuse emission at ca. 
2500 A was found, but in its position, its appearance, and the shape of its photometer trace 
it corresponded so closely with the group of bands previously obtained by Elliott and 
Cameron (Proc. Roy. Soc., 1949, A, 169, 463) from chlorine excited by active nitrogen, that 
there was no doubt that the emitter of the fluorescence was the chlorine molecule. 

Methylene Iodide.—Possible sources of the methylene radical are diazomethane, keten, 
and methylene halides. The first has not yet been investigated, and keten yields no emission 
detectable with the apparatus available, but methylene iodide emits a weak vellow-green 
fluorescence which fades very rapidly owing to the formation of a deposit on the window. 
Several plates of this emission were obtained, each with a total exposure of 5 hours or more, 
by interrupting the exposure at frequent intervals in order to clean the window with cotton- 
wool mcistened with acetone. Visible and ultra-violet bands were present on the plates. 
All were rather weak, particularly those in the blue region, but were identifiable as parts of 
known iodine systems. The strongest part of the spectrum was the group of bands (which, 
except under high dispersion, appears to be a continuum) with a head at 3450 A. These 
bands have been extensively studied by Elliott (Proc. Roy. Soc., 1940, A, 174, 273), Warren 
(Phys. Review, 1935, 47, 1), and Venkatiswarlu (ibid., 1951, 81, 821). When obtained asa 
fluorescence from iodine vapour at a low pressure the 3450-A group forms a weak part of an 
extensive band system, stretching to shorter wave-lengths. Elliott showed, however, that, 
in the presence of a considerable pressure of inert gas, the shorter wave-length part of the 
spectrum was repressed and the intensity of the 3450-A group relatively increased so as to 
exceed that of the rest of the system. Our spectrograms closely resemble those obtained 
by Elliott in the presence of 10 and 76 cm. Hg of nitrogen, although the total pressure in 
our work was less than 0-5 mm. 

Although iodine molecules will accumulate to some extent in the fluorescence chamber, 
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the fluorescence observed with methylene iodide cannot be produced by their secondary 
excitation by absorption of light since, if this were so, the other bands at shorter wave- 
lengths should also have been recorded. The same is probably true also for the chlorine 
emission from carbonyl chloride, although, in this case, the evidence is less complete. 
Two types of process remain, which could explain the appearance of the halogen fluores- 
cence; dissociation of RX, into R and an excited halogen molecule (molecular mechanism) 
or dissociation into radicals, one of which is excited and, by subsequent reaction, produces 
an excited halogen molecule (radical mechanism). 


(1) 2) (3) 
RX, + hy = R + X,* RX, + hv = RX + X* RX, + hy = RX* + X 
(a) X* + RX, = RX +X,* (a) RX* + RX, = R + RX + X,* 
(6) X*+X,=X+X,* (bo) RX* + X, = RX + X,* 


With both carbonyl chloride and methylene iodide the molecular mechanism is favoured 
thermochemically and could occur with absorption of light of wave-leagth ca. 1750 A or less. 
Of the radical mechanisms (2) may be certainly excluded for carbonyl chloride, since the 
lowest relevant excited level of Cl (*P;,9) is 71,954 cm.! above the ground state (Evans, 
Proc. Roy. Soc., 1931, A, 183, 417), and (2) would consequently require a wave-length 
beyond the transmission limit of fluorite. The *P,,. iodine level is 54,632 cm.-! above the 
ground state, so that with a reasonable value (ca. 50 kcal.) (Butler and Polanyi, Trans. 
Faraday Soc., 1943, 37, 19) for D(CH,I-I) (2) would be possible with light transmitted by 
fluorite. Reactions (2a) and (2b) would both be strongly exothermic, and since the excited 
iodine molecule must, on account of the emission spectrum, possess little vibrational energy, 
the heat of the reaction would have to appear mainly as translational energy. (20) is 
therefore considered improbable. 

Nothing is known of the higher electronic levels of the radicals COC] and CH,I, assumed 
in scheme (3). Further experiments, for which suitable apparatus was not available at the 
time this work was carried out, will be reported in a subsequent communication. 

Fluorescence of Molecular Nitrogen—Jakovleva briefly reported (Acta Physiochim., 
U.R.S.S., 1936, 9, 547) the appearance of bands of the second positive system of nitrogen 
while investigating the fluorescence of cyanogen bromide and later (Z. Physik, Sov. Union, 
1936, 9, 547; Bull. Acad. Sci., U.R.S.S., 1940, 4, 59) of bands of nitrogen when nitrogen, 
air, cyanogen, and cyanogen bromide were illuminated with a hydrogen discharge through 
a fluorite window. The same phenomenon has been observed during attempts (which were 
unsuccessful) to excite a fluorescence in ethylene and glyoxal, when nitrogen entered the 
apparatus through a smallleak. With flowing air or nitrogen at a pressure of about 0-5 mm. 
the intensity of the fluorescence was much greater and well-exposed plates were obtainable 
inan hour. The appearance of the 0-0 N,* band was fickle but was, on occasion, as strong 
as the 0-0 band of the second positive system. The intensity of this emission faded with 
subsequent exposures and all efforts to resuscitate it failed. Indeed, numerous attempts, 
which have since been made by Mr. Ward, to excite this fluorescence, have all proved 
abortive. 

The upper state of the N,* band lies more than 151,000 cm.! above the ground state of 
the nitrogen molecule (Herzberg, ‘‘ Molecular Spectra and Molecular Structure,’’ Vol. 1, 
D. Van Nostrand, 2nd Edn., 1950) and at least two quanta of any radiation to which 
fluorite is transparent would be required to supply this energy. One quantum would 
probably also be inadequate to excite the nitrogen molecule to the upper state of the 
second positive system. During the excitation of the fluorescence in air and nitrogen 
polymeric substances derived from glyoxal and ethylene were present in the fluorescence 
chamber. If this emission is genuine and not merely false light scattered from the exciting 
source, which on these occasions only, by coincidence contained nitrogen as an impurity, 
the presence of molecules other than nitrogen would seem to be necessary for its appearance. 


KinG’s CoLLEGE, STRAND, Lonpon, W.C.2. [Received, January 21st, 1952.) 
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Emission from H-CO,H. 


(a) Fluorescence. (6) High-frequency discharge. 
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PLATE 1 


High-frequency discharge in (a) H-CO,H, (6) H-CO,D, (c) D-CO,D 


Fluorescence from (a) H-CO,Et, (b) H-CO,H, (c) H-CO,Me. 


(Paper No. 395.) 
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395. The Origins of the Fluorescences obtained from Formic Acid 
and Methylene Iodide. 


By D. W. G. Sty.e and J. C. Warp. 


Comparison of the emissions from H*CO,H, D*CO,H, D*CO,D, H°CO,Me, 
and H°CO,Et indicates that the emitter is H°CO,. Photo-dissociation of 
methylene iodide by radiation in the Schuman region is shown to yield as an 
immediate product an excited I, molecule, whose excitation energy is radiated 
as a fluorescence; there was no evidence of any emission from the CH, radical, 
which was presumably produced simultaneously. 


OnE of the difficulties encountered in previous work with the Allen hydrogen arc (J. Opt. 
Soc. Amer., 1941, 31, 268) was the short life of the filament, which seldom exceeded 50 
hours and was often as short as 5 hours. At the commencement of the work now de- 
scribed we became aware of a report [Wyckoff, M.I.T. Quart. Progr. Reports (Electronics), 
July 1949, p. 80], in which it was pointed out that the filament should be turned through 
90° from the position shown in Allen’s diagram. This small change increased the life to 
several hundred hours with an arc current of 10—14 amps. The dimensions of the con- 
striction, through -vhich the discharge passes, were also modified as recommended in the 
same report. The increased current now possible, and the new constriction, increased the 
fluorescent intensity at least three-fold, as estimated from the exposures required to obtain 
the 3064-A band of OH from water vapour. 

It was also desirable to be able to detect the occurrence of ultra-violet emission by a 
process less tedious than photography. This was particularly important with the f 1-8 
spectrograph used, since at any one setting a range of only about 7000 cm.} could be 
focused on the photographic plate. A 27 M3 photo-multiplier, whose output was further 
amplified, had sufficient sensitivity to enable any reasonably extensive fluorescence, which 
could be photographed in not more than 6 hours, to be detected and its approximate 
spectral range determined. 

The re-investigation of the formic acid emission immediately followed the use of alkyl 
nitrites and nitrates, substances which do not fog the window. It was then found that 
fogging of the window, which had previously defeated all attempts to obtain photographs 
of the emission of methyl] formate, did not interfere. (What may have been a similar effect 
of oxides of nitrogen was observed about 20 years ago. An attempt was then made to 
remove a deposit of sulphur produced by the photolysis of carbonyl sulphide in the presence 
of oxygen by treatment with nitrogen dioxide, first photochemically and secondly by heat. 
During the heating, the sulphur distilled on to the cooler parts. After a few repetitions 
of this treatment deposition of sulphur, which had previously completely obscured the 
window in a few minutes, gave no further trouble.) 

Formic Acid.—Replacement of the ionisable hydrogen atom in formic acid by deuterium 
evoked no detectable change in the spectrum excited by a high-frequency discharge, but 
replacement of both hydrogen atoms by deuterium produced noticeable shifts towards 
the violet of bands in the region of 4000 A (Plate 1). The emitter must therefore contain 
the hydrogen atom directly linked to carbon, and the origin of the system probably lies 
towards or beyond the short wave-length end of the emission. 

The fluorescences obtained from methyl and ethyl formates are compared with that given 
by formic acid in Plate 2. Apart from a general broadening of the ester bands, so that 
close bands, which are distinctly separated with the acid, become largely merged with the 
esters, the general correspondence is so close that there can be little doubt that the same 
molecule is responsible for all three spectra. The emitter must, therefore, be some fragment 
common to formic acid and its esters. Radicals consistent with this requirement and the 
influence of deuterium substitution in the acid are HCO and H-CO,. The spectrum is 
quite distinct from the ethylene flame bands, which supposedly arise from H*CO. The 
difference of ca. 1130 cm.}, which appears prominently in this fluorescence, is improbable 


for the ground state of CHO, which would be the only likely lower state if HCO were the 
emitter. 





2126 Fluorescences obtained from Formic Acid and Methylene Iodide. 


H-CO, is accordingly favoured as the molecule responsible for this fluorescence, 1130 
cm. being perhaps the symmetrical CO valency vibration. The greater width of the 
bands when excited from the esters is explicable as due to the greater angular momentum 
imparted to the HCO, radical by the expulsion of an alkyl radical than of the hydrogen 
atom (cf. the differing rotational energy distribution of OH excited from water and 
hydrogen peroxide, Dyne and Style, Nature, 1951, 167, 899). 

Methylene Iodide.—If the iodine fluorescence obtained from methylene iodide was 
excited by secondary processes such as (2) or (3) of the previous paper (Dyne and Style, 
J., 1952, 2122), its intensity would only in exceptional circumstances be proportional 
to both the intensity of the exciting light and the concentration of methylene iodide 
vapour, whereas, if an excited I, molecule is an immediate product of the photo- 
dissociation and emits, the fluorescent intensity should always be directly proportional to 
the exciting intensity and the pressure of methylene iodide. The determination of the 
relation between the fluorescent intensity and these variables was complicated by the rather 
rapid decrease in the intensity of fluorescence with time, caused by the fogging of the 
fluorite window, the extent of which had to be repeatedly measured by determining the 
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intensity of the fluorescence under a standardised set of conditions. Determination of 
the dependence on methylene iodide was further complicated by the experimental necessity 
of using the fluorescence emitted from a point about 3 mm. from the fluorite window, in 
order that light from the exciting source scattered by the window or deposits on it should 
not enter the spectrograph. Even with low pressures of methylene iodide a considerable 
fraction of the exciting radiation is absorbed in 3 mm. The curvature of the plot shown 
in Fig. 1 is mainly, if not entirely, produced by this absorption rather than by quenching. 

The dependence on the exciting intensity is strictly linear (Fig. 1), and at low methylene 
iodide pressures the dependence on pou,1, is very probably linear (Fig. 2). Similar curves 
were obtained for the visible emission. This evidence favours immediate photo-dissocia- 
tion of methylene iodide into methylene and excited iodine. More conclusive evidence 
that this is so was obtained by placing a fine wire in the exciting beam and observing 
visually with a lens its ‘‘shadow’’ in the fluorescence. Even with methylene iodide 
pressures of only a few hundredths of a millimetre, when the mean free path was probably 
as great as the diameter of the wire, no blurring of the shadow was observed. 

The last observation excludes all mechanisms for the generation of the fluorescence 
except : 

CH,I, + hv, —>CH, + I,* 
I,* —>I, + hy, 


The shadow experiment was confined to the visible emissions but, in view of the very 
similar behaviour of the visible and ultra-violet emissions in other respects, it is believed 
that the same mechanism may be safely assumed to apply to the ultra-violet bands also. 
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Methylene iodide thus falls into line with certain other iodides (stannic and bismuth 
iodide) which according to Terenin and Tschubarov (Acta Physiochim., U.R.S.S., 1937, 
7, 1) dissociate directly into a radical and an excited I, molecule. 

The failure to detect any emission from CH, does not necessarily imply that this radical 
possesses no observable transition in the range 5000—2400 A covered by this investigation. 
Dissociation of methylene iodide to give excited methylene may not occur at wave-lengths 
where the source is sufficiently intense. 


EXPERIMENTAL 


Preparation of H-CO,D.—Commercial 98% formic acid was dissolved in excess of 99% 
deuterium oxide and distilled off from boric oxide under reduced pressure at room temperature. 
The product was again treated in the same way, to yield an acid which, judging from the OH 
band, was essentially H°CO,D. 

Preparation of. D*CO,D.—Anhydrous oxalic acid was converted into (CO,D), by twice 
recrystallising it from 99% deuterium oxide. The deuterium oxide of crystallisation was 
removed by heating the acid im vacuo and (CO,D), was then pyrolysed to D*CO,D, which was 
dried with boric acid-before use. This follows the procedure of Herman and Williams (J. Chem. 
Phys., 1 940, 8, 447). 

The Manometer.—This consisted of a Pyrex spiral whose movement was amplified by a 
bifilar suspension and optical lever, to give a sensitivity of 120 mm. scale for 1 mm. Hg. 

Intensity Measurement.—The photo-multiplier was located behind a slit, which replaced 
the camera when the photo-cell was in use. In order to amplify the photo-current from the cell 
without interference from the dark current, the light entering the spectrograph was chopped. 
The three-stage resistance-capacity coupled amplifier was coupled to the photo-cell through 
either a 1 MQ or a 10 MQ resistance and to the mechanical rectifier through a step-down centre- 
tapped transformer. The rectifier consisted of a high-speed relay operated by a commutator 
on the same shaft as the chopping disc. The rectified current was measued by a microammeter 
giving a full-scale deflection with 25 uamp. The selectivity of the system could be increased by 
overdamping the microammeter. The amplification available exceeded fhat which could be 
usefully employed without cooling of the photo-cell. 

Variation of the exciting intensity was produced by changing the current carried by the 
hydrogen arc. The intensity of the visible emission of the arc was measured with a selenium 
barrier-layer photo-cell, and the intensity of the H, bands in the region of 1300 A by the photo- 
multiplier current produced by the OH band emission from water vapour. Both the visible 
and the ultra-violet emission of the arc showed the same, not quite linear, dependence on the 
arc current. In determination of the relation between the exciting intensity and the fluorescent 
intensity of methylene iodide the loss of transparency of the window had to be allowed for. 
The correction was applied under the assumption, justified by the curve of Fig. 1, that the 
intensity of the fluorescence was proportional to that of the exciting light. 
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396. Thio-oxindole, Thioindoxyl, and Certain Carbonyl Derivatives. 
By R. H. GLAVERT and FREDERICK G. MANN. 


An improved preparation of thio-oxindole has been developed so that it 
can now be readily obtained in quantity. A critical examination of three 
methods for the preparation of thio-oxindole-3-aldehyde has been made, and 
for comparative purposes a number of thioindoxyl-2-aldehydes have also 
been isolated. 3-Acetyl(thio-oxindole) and 2-acetyl(thioindoxyl) can be 
readily prepared by the action of NN’-diphenylacetamidine on thio-oxindole 
and thioindoxy] respectively. 


For the preparation of the merocyanines described in the following paper, supplies of 
thio-oxindole (I), thio-oxindole-3-aldehyde (II), and 3-acetyl(thio-oxindole) (III), and of 
derivatives of these three compounds having substituents in the benzene ring, were 
required. We have therefore investigated in some detail the preparation of such 
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compounds, and also (less fully) that of analogous derivatives of thioindoxyl, which were 
required for comparative purposes. 

Thio-oxindole (I) was first prepared by Marschalk (Ber., 1912, 45, 1481; J. pr. Chem., 
1913, 88, 239), who converted oxindole into o-aminophenylacetic acid, which was transformed 
via its diazonium salt into o-mercaptophenylacetic acid: the latter when boiled in xylene 
with phosphoric anhydride underwent cyclisation to thio-oxindole. This method is tedious, 
however, and the over-all yield is low. Marschalk (oc. cit.) also showed that thionaphthen- 


CH-COMe C:N-NH, 


O\/\ ON/ \ 
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WS \ 
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quinone, when treated with hydrazine, gave a crude product which he presumed to be the 
3-hydrazone (IV), since when heated above its m. p. it lost nitrogen and gave thio- 
oxindole. We have developed the preparation of the pure hydrazone (IV) so that it can be 
obtained in ca. 70% yield. Direct heating under Marschalk’s conditions, unless performed 
with ‘very small quantities, gave a violent and uncontrollable reaction, producing much 
tarry matter, from which the thio-oxindole was isolated in only 27% yield. Attempts to 
modify the violence of this reaction by working under reduced pressure—the method by 
which Curtius and Thun (J. pr. Chem., 1891, 44, 187) converted isatin-3-hydrazone into 
oxindole—failed, because the hydrazone (IV) volatilises unchanged under reduced pressure. 
A smooth decomposition was ultimately obtained by boiling a solution of the hydrazone 
(IV) in 25% aqueous potassium hydroxide under reflux for several hours, whereby a 
steady evolution of nitrogen occurred, and the red colour of the solution became straw- 
yellow: acidification of the cold solution precipitated o-mercaptophenylacetic acid in 
84% yield. When this acid, mixed with hydrochloric acid, was distilled in steam, thio- 
oxindole was obtained in 90% yield : this method of cyclisation, originally due to Komppa 
and Weckman (J. pr. Chem., 1933, 138, 109), is far better than Marschalk’s phosphoric 
anhydride method. By the above route we have now been able to prepare thio-oxindole 
readily in quantity with an over-all yield of 60%. 

The use of 6-ethoxy(thionaphthen)quinone in this preparation similarly afforded 
6-ethoxy(thio-oxindole), the first recorded substituted thio-oxindole. 

It is noteworthy that Marschalk (loc. cit.) isolated thio-oxindole in two forms, 
(a) needles, m. p. 33—34°, and (5) prisms, m. p. 44—45°. He produced some evidence to 
show that the lower m. p. form was the enol and the higher m. p. form the keto-compound, 
a conclusion supported by Komppa and Weckman (loc, cit.). These authors showed that 
the lower m. p. form could be converted into the more stable, higher m. p. form by 
reprecipitation with acid from a solution in aqueous sodium hydroxide, or by confinement 
for one week in a desiccator: Marschalk, however, could not produce interconversion by 
seeding. We find that the hydrochloric acid distillation of o-mercaptophenylacetic acid 
always gave the lower m. p. form, which was unchanged after several months’ exposure to 
the air. On one occasion, however, when the above acid was heated in a vacuum, the 
distilled thio-oxindole gave the higher m. p. form. Either form could be obtained by 
appropriate seeding of the molten lower m. p. form as it was cooling. 

6-Ethoxy(thio-oxindole) when first prepared had m. p. 39—40°, and reprecipitation 
from an alkaline solution gave a product of the same m. p. When exposed to the air for 
one week, however, the m. p. had become 47—48°, and this form was then recovered again 
when reprecipitated from an alkaline solution. 

Thio-oxindole-3-aldehyde (II) has been prepared by three methods. In the most 
convenient method, thio-oxindole was readily condensed in boiling ethanolic solution with 
diphenylformamidine (cf. Piggott and Rodd, B.P. 344,409; 1929) to form thio-oxindole-3- 
aldehyde anil (Vv; R=H) in 70% yield. Alkaline hydrolysis of this anil in aqueous 
ethanol furnished thio-oxindole-3-aldehyde in 72% yield. 6-Ethoxy(thio-oxindole) 
similarly gave 6-ethoxy(thio-oxindole)-3-aldehyde. 








(1952) and Certain Carbonyl Derivatives. 2129 


Thio-oxindole did not condense with diphenylacetamidine in boiling ethanolic solution : 
when, however, the two reagents were fused together at 140—150°, 
the 3-acetyl(thio-oxindole) anil (V; R= Me) was formed in 64% 
yield, and on alkaline hydrolysis furnished 3-acetyl(thio-oxindole) (III) 
in 88% yield. By the use of these two amidines, therefore, both the 
aldehyde (II) and the ketone (III) can readily be obtained. 

By the second synthetic method, thio-oxindole-3-aldehyde was obtained when thio- 
oxindole was treated with hydrogen chloride and hydrogen cyanide in chloroform solution ; 
the yield of aldehyde was, however, only 5%, and so this method was not further 
investigated. The low yield obtained by this Gattermann reaction is in marked contrast 
to that of thioindoxy]-2-aldehyde similarly obtained from thioindoxyl] (see below). 

It is noteworthy that thio-oxindole appeared to be unaffected by ethyl formate in the 
presence of sodium ethoxide, although Julian, Pikl, and Boggess (J. Amer. Chem. Soc., 
1934, 56, 1797) have shown that 1-methyloxindole is readily converted by these reagents 
into Se 


CH’CR:NPh 


JO, 
SCH-CHO 


The third synthetic route does not require thio-oxindole as an intermediate, and we 
have therefore carefully investigated its utility. It has been shown (Friedlander, Monatsh., 
1908, 29, 373, 375; Friedlander et al., Ber., 1910, 48, 1971; 1911, 44, 3098; cf. Marschalk, 
J. pr. Chem., 1913, 88, 227) that indoxyl condenses with thionaphthenquinone solely at the 
3-position to give the compound (VI) of the indirubin type, which in turn can be hydrolysed 
by potassium hydroxide to anthranilic acid and the required aldehyde (II): the latter can 
then be readily isolated as its potassium derivative and so purified. Harley-Mason and 
Mann (J., 1942, 404) investigated the reaction of indoxyl with a number of thionaphthen- 
quinones having substituents in the benzene ring, and concluded that condensation in all 
cases occurred at the 3-position (as above), and that alkali fission consequently always 
gave the corresponding substituted thio-oxindole-3-aldehyde. We find that certain of 
these conclusions require modification. The condensation of indoxyl with thionaphthen- 
quinone certainly gives the pure compound (VI) and hence on hydrolysis the pure 
aldehyde (II). The product of the condensation of indoxyl with 6-ethoxy-, 6-chloro-4- 
methyl-, and 4 : 5-benzothionaphthenquinone is, however, a mixture of the corresponding 
compound of type (VI) and the isomeric compound (VII) of the indigo type. When this 
mixture is boiled with aqueous potassium hydroxide, only the compound (VI) undergoes 
hydrolysis and consequently only the thio-oxindole-3-aldehyde (as II) is obtained. When 
the residue, consisting of the compound (VII), is subsequently boiled with ethanolic 
potassium hydroxide, it undergoes hydrolysis to anthranilic acid and the corresponding 
thioindoxyl-2-aldehyde (as VIII). Consequently, if the hydrolysis is performed only with 
aqueous alkali, the presence of the component (VII) may escape detection. We find that 
the indoxyl condensation product with 6-ethoxy-, 6-chloro-4-methyl-, and 4 : 5-benzo- 
thionaphthenquinone gives on aqueous alkaline hydrolysis the corresponding 3-aldehyde 
(as II) in 30, 10, and 18% yields, respectively. There is little doubt therefore that the 
diphenylformamidine synthesis provides these aldehydes in greater yield and higher 
purity. 

The identity of the various thioindoxyl-2-aldehydes (as VIII) formed by ethanolic 
alkaline hydrolysis of the products (as VII)—and hence of these products also—was 
established by an independent synthesis of the aldehydes from thioindoxyl by the 
Gattermann reaction with hydrogen chloride and hydrogen cyanide. This reaction 
proceeded smoothly and furnished the aldehyde (VIII) and also its 6-ethoxy-, 6-chloro-4- 
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methyl-, and 4 : 5-benzo-derivatives in high yield: the first two of these substituted 
aldehydes have not previously been isolated (cf. Friedlander, loc. cit.; Krollpfeiffer et al., 
Ber., 1925, 58, 1654; Harley-Mason and Mann, loc. cit.). 

It is noteworthy that thioindoxy] also readily condensed with NN’-diphenylacetamidine, 
and the resulting anil on hydrolysis furnished 2-acetyl(thioindoxy]). 

The possible methylation of the aldehyde (II) to the ketone (III) has also been 
investigated, although the obvious tautomeric potentialities of the aldehyde (II) made this 
route unpromising. No derivative could be isolated by the interaction of the aldehyde (II) 
or its potassium derivative with either methyl iodide or methyl sulphate. The aldehyde 
reacted, however, with diazomethane to give a monomethyl and a dimethyl derivative, 
both in low yield. The monomethyl derivative was not identical with the ketone (III), 
the structure of which is determined decisively by its synthesis. This derivative is there- 
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fore either (IX) or (X). Julian et al. (loc. cit.) have shown that 1-methyloxindole-3-aldehyde 
gives a monomethy] derivative which is still an aldehyde and which therefore has structure 
(XI): by analogy our derivative is probably (IX). Our dimethyl derivative must be 
3-acetyl-2-methoxy(thionaphthen) (XII): the yield was too small, however, to allow 
investigation of its possible hydrolysis to the ketone (III). 

The phenylhydrazones of thio-oxindole-3-aldehyde, of its 6-ethoxy-derivative, and of 
3-acetyl(thio-oxindole) show certain anomalous properties which will be fully described in 
a later communication. 


EXPERIMENTAL 


Thionaphthenquinone 3-Hydvazone (IV).—(a) Hydrazine hydrate (3-5 c.c., 1-2 mol.) was 
slowly added to a boiling solution of thionaphthenquinone (10 g.) ina minimum ofethanol. The 
solution was then boiled under reflux for 15 minutes (during which the initial orange-red colour 
became deep yellow) and hot water was then added to the boiling solution until crystals began 
to separate. On cooling, the almost pure hydrazone separated, and when collected, washed 
with aqueous ethanol, and dried had m. p. 135—136° (yield: 7-3 g., 67%). A sample, 
recrystallised from aqueous ethanol and then from cyclohexane, formed yellow plates, m. p. 136° 
(Found: C, 54:1; H, 3-6; N, 16-0. Calc. for C,H,ON,S: C, 53-9; H, 3-4; N, 15-7%): 
Marschalk (loc. cit.) gives m. p. 128°. 

(b) A mixture of thionaphthenquinone (5 g.), hydrazine hydrochloride (3-2 g., 1 mol.), 
sodium acetate (13 g.), water (50 c.c.), and ethanol (105 c.c.) was boiled under reflux for 1-5 hours, 
and then diluted with hot water until it became cloudy. On cooling, the crude hydrazone 
(3-5 g., 64%), m. p. 123—128°, separated. Recrystallisation from cyclohexane gave yellow 
crystals, m. p. 135—136°. 

Thio-oxindole (1).—(a) A solution of the hydrazone (10 g.) in 25% aqueous potassium 
hydroxide (500 c.c.) was boiled gently under reflux for 16 hours; the evolution of nitrogen had 
then ceased and the initial orange-red colour had become pale straw-yellow. The solution, 
when cooled and acidified, deposited cream-coloured crystals of o-mercaptophenylacetic acid 
(8-0 g., 84%), m. p. 97°. Marschalk (loc. cit.) gives m. p. 96—97°. 

A mixture of this acid (7-9 g.), concentrated hydrochloric acid (50 c.c.), and water (150 c.c.) 
was distilled in steam; the thio-oxindole readily crystallised in the distillate (ca. 500 c.c.), 
which was then saturated with sodium chloride and extracted with ether. Evaporation of the 
dried extract gave the thio-oxindole (I) as a pale yellow oil which readily formed fine, almost 
colourless, needles (6-1 g., 87%), m. p. 32-5—33°. A sample, purified by further steam- 
distillation, had m. p. 33—33-5° (Found: C, 63-9; H, 4-4. Calc. for CgH,OS: C, 64-0; H, 
40%). 

(b) The dry powdered hydrazone (3 g.) was heated in an oil-bath under a reflux air-condenser. 
Just above its m. p. a violent exothermic reaction occurred with vigorous effervescence and the 
production of a bluish-green vapour. The brown semi-solid residue on distillation gave an oil, 
b. p. 100—104°/0-15 mm., which solidified, and was then further distilled in steam. The 
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pale yellowish-brown oily thio-oxindole which distilled readily solidified: m. p. 41—43°. 
Repeated distillation in steam gave colourless slightly hygroscopic crystals, m. p. 44—45° 
(Found: C, 63-7; H, 4:3%). 

(c) Expt. (6) was repeated, but the brown residue was now extracted with 10% aqueous 
potassium hydroxide solution. The extract, when acidified with hydrochloric acid and distilled 
in steam, gave thio-oxindole as colourless crystals, m. p. 31—33°, in low yield. 

6-Ethoxy(thionaphthen)quinone 3-Hydrazone.—This was prepared precisely as was (IV), 
from the quinone (8 g.), hydrazine hydrate (2 c.c., 1-1 mol.), and boiling ethanol (ca. 400 c.c.). 
The crude hydrazone (7-0 g., 86%), m. p. 140—143°, when recrystallised from cyclohexane gave 
orange-yellow crystals, m. p. 145° (Found: C, 54:1; H, 4:8. C, 9H,)O,N,S requires C, 54-0; 
H, 45%). 

6-Ethoxy(thio-oxindole).—The hydrazone (3-1 g.) when boiled with 25% aqueous potassium 
hydroxide (155 c.c.) as before deposited 4-ethoxy-2+mercaptophenylacetic acid as colourless crystals 
(2-44 g., 82%), m. p. 80° unchanged by recrystallisation from light petroleum (b. p. 60—80°) 
(Found: C, 56-9; H, 5-6. C, 9H,,0,S requires C, 56-6; H, 5-7%). 

The acid, when distilled in dilute hydrochloric acid as before, gave the thio-oxindole as 
colourless needles, m. p. 39—40° (Found: C, 62:4; H, 5-1. C4 9H,,O,S requires C, 61-8; H, 
5-2%): it has a characteristic odour resembling that of new rubber. A sample, when set aside 
for one week, had m. p. 47—48°, which did not further change. Both the low- and the high- 
melting form, when dissolved in 10% aqueous sodium hydroxide at 0°, were reprecipitated 
unchanged on acidification. 

Synthesis of Thio-oxindole-3-aldehyde (I1).—First method. A mixture of thio-oxindole (3 g.) 
and NN’-diphenylformamidine (3-9 g., 1 mol.) (Shoesmith and Haldane, J., 1923, 123, 2705) 
was warmed under reflux with ethanol (30 c.c.). The orange solution on boiling deposited 
yellow needles of thio-oxindole-3-aldehyde anil (V; R = H), which after 15 minutes’ boiling were 
collected from the chilled mixture, washed with ethanol, and dried; the yield of material, 
m. p. 180—181°, was 3-75 g. (78%). The m. p. was unchanged when the product was mixed 
with an authentic sample prepared directly from the aldehyde. 

The ethanolic mother-liquor when set aside deposited colourless crystals (0-53 g.) of di-(w- 
phenylcarbamyl-o-tolyl) disulphide [*S*C,H,°CH,*CO*-NHPh),, m. p. 217° after recrystallisation 
from acetone [Found: C, 69-4; H, 5:3; N, 64%; M (Rast), 470. C,,H,O,N,S, requires 
C, 69-4; H, 5-0; N, 58%; M, 484]. This compound was insoluble in aqueous sodium 
hydroxide and was unaffected in solution by iodine: it was sparingly soluble in cold acetone, 
whereas the anil was readily soluble. When a solution of thio-oxindole (0-5 g.) and aniline 
(0-31 g., 1 mol.) in ethanol (10 c.c.) was boiled under reflux for 2 hours and then set aside, this 
disulphide (0-225 g., 28%) separated slowly during a week, and when recrystallised from acetone 
had m. p. 217°, unchanged by admixture with the above sample. 

A mixture of the anil (3-75 g.), water (60 c.c.), ethanol (30 c.c.), and potassium hydroxide 
(15 g.) was boiled under reflux for 1 hour, the initial orange-yellow becoming pale yellow. The 
solution was then diluted with water, filtered whilst hot, cooled, and acidified with hydrochloric 
acid. The crude aldehyde (II) (2-4 g.) thus precipitated had m. p. 123—128°; recrystallisation 
from cyclohexane (charcoal) furnished colourless needles (2 g., 72%), m. p. 130° (Found: C, 
60-7; H, 3-6. Calc. for CjH,O,S: C, 60-7; H, 34%). Friedlander (loc. cit.) gives 
m. p. 130°. 

The aldehyde gave the following derivatives: The phenylhydrazone was obtained when 
phenylhydrazine (0-4 g.) was added to a solution of the aldehyde (0-5 g.) in ethanol (10 c.c.), 
which was then boiled for 5 minutes, during which crystals separated; hot ethanol was then 
added to give a clear solution, which on cooling deposited the phenylhydrazone, yellow needles, 
m. p. 180—182° (decomp.) after further recrystallisation (Found: C, 67-1; H, 4-8; N, 10-7. 
C,5H,,ON,S requires C, 67-1; H, 4:5; N, 105%). The 2: 4-dinitrophenylhydrazone was readily 
formed in the cold and after recrystallisation from acetic acid formed minute bright red crystals, 
m. p. 239—240° (decomp.) (Found: C, 50-5; H, 2-8; N, 15-5. C,;H,0O,N,S requires C, 50-3; 
H, 2-8; N, 15-6%). The anil was readily prepared from the aldehyde and aniline in hot 
ethanolic solution: it formed yellow crystals, m. p. 184°, from ethanol (Found: C, 71-4; H, 
3-9; N, 5-8. C,,;H,,ONS requires C, 71-1; H, 4-4; N, 55%). The benzoyl derivative was 
obtained when benzoyl chloride (2 c.c.) was added to a suspension of the aldehyde (1 g.) in 
10% aqueous sodium hydroxide (15 c.c.), which was vigorously shaken. The sticky product 
which separated, was washed, dried, and recrystallised from benzene, and then gave 
straw-yellow needles, m. p. 178° (Found: C, 68-1; H, 3-9. C,,H,,O,S requires C, 68:1; 
H, 36%). 
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6-Ethoxy(thio-oxindole) (2 g.) and NN’-diphenylformamidine (2 g., 1 mol.), when similarly 
condensed, afforded 6-ethoxy(thio-oxindole)-3-aldehyde anil as yellow needles (2-1 g., 69%), m. p. 
139°, from ethanol (Found : C, 68-6; H, 5-4. C,,H,,O,NS requires C, 68-6; H, 5-4%). Again, 
the initial mother-liquor deposited crystals (0-37 g.) which when recrystallised in turn from 
ethanol and acetone gave di-(4-ethoxy-w-phenylcarbamyl-o-tolyl) disulphide as colourless needles, 
m. p. 205—206° (Found: C, 67-2; H, 5-8; N, 5-2. C3,H3,0,N,S, requires C, 67-1; H, 5-6; 
N, 49%), analogous to the disulphide similarly obtained from thio-oxindole. 

The anil, when hydrolysed as before, furnished 6-ethoxy(thio-oxindole)-3-aldehyde as pale 
yellow crystals (87%), m. p. 156°, from cyclohexane (Found: C, 59-5; H, 4-6. Calc. for 
C,,H,,0,5: C, 59-5; H, 45%). Harley-Mason and Mann (loc. cit.) give m. p. 152—154°. 
The aldehyde formed a phenylhydrazone as bright yellow needles (from ethanol), m. p. 
168—-169° (decomp.), resolidifying when heated further and then melting again at ca. 272° 
(Found: C, 65-8; H,.5-0; N, 89. C,,H,,O,N,5 requires C, 65-3; H, 5-2; N, 90%), anda 
2 : 4-dinitrophenylhydrazone as orange-red plates (from acetic acid), m. p. 216—217° (decomp.) 
(Found: C, 51-2; H, 3-5; N, 13-5. C,,H,,0O,N,S requires C, 50-75; H, 3-5; N, 13-9%). 

Second method. Dry hydrogen chloride was passed into a solution of thio-oxindole (2-3 g.) 
and anhydrous hydrogen cyanide (3 c.c.) in chloroform (30 c.c.) at 0°. The solution became 
cloudy and crystals separated: after 1-5 hours, the passage of hydrogen chloride was stopped 
and the product set aside for 2 hours. 

The crystalline precipitate was collected and triturated with water, whereupon much 
dissolved, leaving an oily residue. This was extracted with ether, and evaporation of the 
solvent then left an orange solid (0-29 g.) of the imino-hydrochloride, which was hydrolysed 
with boiling 20% aqueous sodium hydroxide. When evolution of ammonia ceased, cooling 
gave a crystalline deposit of the potassium derivative of the aldehyde, which was collected and 
acidified, giving the pure aldehyde (II), m. p. 129—129-5° unchanged by admixture of the 
specimen with an authentic sample: 0-14 g., 5%. Unchanged thio-oxindole (1-22 g., 53% of 
original material), m. p. 31—32°, was recovered from the chloroform mother-liquor. 

Third method. Thioindoxy] and its substituted derivatives were condensed with dimethyl- 
p-nitrosoaniline to form the corresponding anils, and the latter then hydrolysed to the thio- 
naphthenquinone, as described by Dalgliesh and Mann (/., 1942, 404). 

Thionaphthenquinone, and its substituted derivatives, were condensed with indoxyl by the 
following modification of Harley-Mason and Mann’s method (loc. cit.): the product from 
thionaphthenquinone itself was solely (VI), whereas that from the substituted quinones was a 
mixture of the products corresponding to (VI) and (VII). Indoxyl (1-1 mol.) was added to a 
solution of the quinone in warm acetic acid (30 c.c./1 g. of quinone) containing concentrated 
hydrochloric acid (1 drop/1 g. of quinone), and the mixture was boiled for 10—15 minutes and 
cooled. The purple condensation product which separated was collected, washed with water, 
alcohol, and ether, and dried. The average yields from the various quinones were: 
unsubstituted quinone, 84; 6-ethoxy-, 73; 6-chloro-4-methyl-, 80; 4: 5-benzo-, 82%. The 
average yield of the last three compounds was 57, 49, and 87%, respectively, when aluminium 
chloride (1 g./100 c.c. of acetic acid) replaced the hydrochloric acid. ‘ 

Hydrolysis of the Condensation Product.—(i) From thionaphthenquinone (cf. Friedlander and 
Kielbasinski, Ber., 1911, 44, 3098). The condensation product (34 g.) was added to a solution 
of potassium hydroxide (102 g.) in water (400 c.c.) containing ethanol (35 c.c.), which was boiled 
under reflux for 15 minutes, the green colour becoming brown meanwhile. The solution was 
poured into a beaker and warmed until a crust of the crystalline grey potassium derivative of the 
aldehyde had formed. It was set aside overnight, and the crystals were then collected and 
washed with 20% aqueous potassium hydroxide. A solution of the crystals in hot water 
(300 c.c.) was filtered whilst hot directly on to ice, and the filtrate acidified with dilute hydro- 
chloric acid. The precipitated aldehyde (II), when collected, washed, and dried, had m. p. 
128—130° (13-1 g., 60%). In smaller-scale preparations yields up to 84% were obtained. 
The aldehyde was best purified by dissolution in a small quantity of hot water, and 
reprecipitation as the potassium derivative by addition of concentrated potassium hydroxide 
solution: the cream-coloured crystalline aldehyde, when regenerated as before, had m. p. 
130—131° unchanged by recrystallisation from cyclohexane, or from light petroleum (b. p. 60— 
80°) containing a small proportion of ethanol, from which it separated, however, as colourless 
crystals. The m. p. was also unaffected when the aldehyde was mixed with that obtained by 
the first method. 

(ii) From substituted thionaphthenquinones. A mixture of the condensation product, 20% 
aqueous potassium hydroxide solution (12 parts), and ethanol (3 parts) was boiled under reflux 
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for 1 hour, by which time only a portion of the condensation product had dissolved in the 
brown solution. The mixture was diluted with hot water and immediately filtered, the 
undissolved residue being washed with hot water. 

The combined filtrate and washings were evaporated until grey crystals of the potassium 
derivative formed, and were then set aside. Next day, the crystals were collected, and the 
substituted thio-oxindole-3-aldehyde (as II) then regenerated as described above. Purification 
was always best effected by one or more reprecipitations as the potassium derivative before 
recrystallisation from water or an organic solvent. 

The undissolved residue was extracted as before for 1 hour to ensure elimination of all the 
component (as VI). The residue (as VII) was then boiled gently under reflux with 33% ethanolic 
potassium hydroxide (9 parts) : dissolution was rapid, and crystals of the potassium derivative 
of the corresponding thioindoxyl-2-aldehyde (as VIII) usually separated in 3—5 minutes. After 
15 minutes’ boiling, the solution was diluted with ethanol (6 parts) and set aside overnight. 
The greyish-blue crystals were then collected, washed with a small quantity of ethanol, and the 
2-aldehyde regenerated as described above for the 3-aldehyde. The identity of the substituted 
thioindoxyl-2-aldehydes (as VIII) was confirmed by direct comparison with those prepared by 
the Gattermann reaction from the corresponding thioindoxyls (see below). The following 
aldehydes were thus obtained : 

6-Ethoxy(thio-oxindole)-3-aldehyde. This crude aldehyde, m. p. 153—155°, was purified by 
reprecipitation as the potassium derivative, and when regeierated had m. p. 154—156°: 
subsequent recrystallisation from water gave cream-coloured needles, m. p. 155° alone and 
mixed with an authentic sample. The average yield, based on ‘he condensation product used, 
was 30%. 

6-Chloro-4-methyl(thio-oxindole)-3-aldehyde. The crude product, m. p. 151—153°, was 
thrice reprecipitated as the potassium derivative, and the aldehyde when then recrystallised 
from aqueous ethanol formed colourless needles, m. p. 154—155° (Found: C, 52-7; H, 3-4. 
C,)H,O,CIS requires C, 53-0; H, 3-19): average yield, 10%. It formed a 2 : 4-dinitrophenyl- 
hydrazone, purple-brown needles, m. p. 262—-263° (decomp.) after recrystallisation from acetic 
acid (Found: C, 46-8; H, 2-9; N, 14:3. C,,H,,O,;N,CIS requires C, 47-2; H, 2-7; N, 138%). 

4 : 5-Benzothio-oxindole-3-aldehyde. The crude aldehyde, obtained in an average yield of 
18%, consisted of 2 components. (a) Three recrystallisations from aqueous ethanol followed by 
one from cyclohexane gave pale yellowish-brown crystals, m. p. 104—105° (Found: C, 70-4; 
H, 40%). These crystals, which formed the minor component and did not give a 2 : 4-dinitro- 
phenylhydrazone, were not identified. (b) Direct recrystallisation from cyclohexane gave 
fine pale yellow needles, m. p. 124°, apparently of the required aldehyde, although unsatisfactory 
analyses were obtained (Found: C, 67-7; H, 4:3. C,,;H,O,S requires C, 68-4; H, 35%) : 
these crystals, which formed the major component, readily gave a 2 : 4-dinitrophenylhydrazone. 

The crude aldehyde gave the derivatives: 2: 4-dinitrophenylhydrazone, orange-brown 
crystals from acetic acid, m. p. 240—241° (Found: C, 55-9; H, 3-8. C,,H,,0,N,S requires C, 
55-9; H, 3-0%); the anil, prepared in a hot ethanolic solution of aniline containing acetic acid, 
formed pale yellow crystals, m. p. 213—214°, from ethanol (Found: C, 74-95; H, 4-5; N, 4-6. 
C,9H,;ONS requires C, 75-2; H, 4:3; N, 46%). The crude aldehyde was also successfully 
used in the preparation of certain merocyanines (see following paper). 

The Substituted Thioindoxyl-2-aldehydes (as VIII).—These compounds were thus obtained in 
two ways: (a) by the ethanolic-alkali hydrolysis of the undissolved residue described above, 
and (b) by the Gattermann synthesis for independent identification. This was carried out 
essentially by the method already described (p. 2132), but the orange-brown crystalline precipitate 
was collected, washed with water, and hydrolysed by boiling it with aqueous N-sodium hydroxide 
solution until evolution of ammonia ceased. The solution was filtered whilst hot from a small 
amount of undissolved material, and the filtrate cooled and acidified with hydrochloric acid. 
The precipitated aldehyde was collected and purified. 

6-Ethoxy(thioindoxyl)-2-aldehyde. (a) The undissolved residue (53% of the condensation 
product) gave the aldehyde as pale yellow crystals from aqueous ethanol, m. p. 145—146° alone 
and mixed with following product. (b) The crude aldehyde (38% based on thioindoxyl) when 
similarly recrystallised had m. p. 147—149°, depressed to 130—135° by admixture of the sample 
with the isomeric 3-aldehyde (Found : C, 59-5; H, 4-5. C,,H,0,S requires C, 59-5; H, 45%). 
It furnished a 2 : 4-dinitrophenylhydrazone, brown needles, m. p. 231—233° after recrystallisation 
from acetic acid and then xylene (Found: N, 13-5. C,,H,,O,N,S requires N, 13-9%). 

6-Chlovo-4-methyl(thioindoxyl)-2-aldehyde. (a) The undissolved residue (50% of total product) 
furnished the aldehyde as pale yellowish-brown needles (from aqueous ethanol), m. p. 170—171°, 
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alone or mixed. (b) The crude aldehyde (48%), similarly recrystallised, gave pale pink 
needles, m. p. 170—172° (Found: C, 52-9; H, 3-1. C, 9H,O,CIS requires C, 53-0; H, 3-1%). 
The 2 : 4-dinitrophenylhydrazone formed brown needles, m. p. 263—264° (decomp.) from acetic 
acid (Found: N, 13-4. C,,H,,0O,N,CIS requires N, 13-8%). 

4 : 5-Benzothioindoxyl-2-aldehyde. (a) The undissolved residue (66% of total product) gave 
the aldehyde as a pale fawn powder, m. p. 145—146°, which when recrystallised from ethanol 
formed pale straw-yellow needles, m. p. 147—148°, alone and mixed. (b) The crude aldehyde, 
twice recrystallised from aqueous ethanol, formed pale yellow needles, m. p. 146—147°. 
Krollpfeiffer et al. give m. p. 147°; Harley-Mason and Mann (loc. cit.) give m. p. 131—132°. It 
formed a 2: 4-dinitrophenylhydrazone, orange-brown needles, m. p. 284° (decomp.), from acetic 
acid (Found: C, 55-9; H, 3-5; N, 14:1. C,H,,0,N,S requires C, 55-9; H, 3-0; N, 13-7%). 

3-A cetyl(thio-oxindole) (III).—NN’-Diphenylacetamidine. A mixture of acetanilide (13-5 g.), 
aniline (9-3 g., 1 mol.), and phosphorus trichloride (50 g.) was heated under reflux at 110—120° 
for 40 minutes, a test portion then being completely soluble in water. The mixture was then 
poured into water, cooled, and basified : the precipitated amidine, when collected, washed with 
water, and recrystallised from ethanol, formed colourless needles (12-5 g., 60%), m. p. 128—129° 
(cf. Sen and Ray, J., 1926, 646). 

Thio-oxindole (3-14 g.; m. p. 33—33-5°) and the amidine (3-6 g., 1 mol.) were fused in a tube 
for 1-25 hours; the odour of thio-oxindole was then almost imperceptible, and drops of aniline 
had condensed on the upper and cooler portion of the tube. The reddish-brown melt was 
stirred with methanol (5 c.c.), and the crystals which separated on cooling were collected and 
recrystallised from ethanol. 3-Acetyl(thio-oxindole) anil (V; R = Me) was thus obtained as pale 
cream crystals, m. p. 129-5—130° (Found: C, 71-55; H, 4-65; N, 5-25. C,,H,,ONS requires 
C, 71:9; H, 4:9; N, 5-2%): 3-5g., 58%. 

The initial methanolic mother-liquor, when set aside for 2 days, furnished a crystalline 
deposit (0-58 g.), which after recrystallisation from acetone gave colourless needles, m. p. 217°, 
identical with those similarly obtained in the condensation with diphenylformamidine (p. 2131) 
and therefore di-(w-phenylcarbamyl-o-tolyl) disulphide. 

The anil (3-5 g.) was added to a solution of potassium hydroxide (14 g.) in ethanol (35 c.c.) 
containing water (70 c.c.), which was boiled under reflux for 30 minutes, cooled, and acidified 
with hydrochloric acid. The precipitate (2-42 g., 96%), when collected and recrystallised from 
90% aqueous ethanol, gave 3-acetyl(thio-oxindole) (III) as colourless crystals, m. p. 105° 
(Found: C, 62-7; H, 4:2. C,)H,O,S requires C, 62-5; H, 4:2%). The preparation and 
properties of the phenylhydrazone of this ketone will be discussed later. 

2-A cetyl (thioindoxyl).—Thioindoxyl] (1-5 g.) and NN’-diphenylacetamidine (2-1 g:, 1 mol.) 
were fused under nitrogen at 145—150° for 45 minutes. The cold oily yellowish-brown residue, 
when stirred with methanol, deposited crystals of the anil (1-4 g., 53%) which after 
recrystallisation from cyclohexane formed orange-yellow crystals, m. p. 111° (Found: C, 72-1; 
H, 4:8; N, 5-4. C,,H,,ONS requires C, 71-9; H, 4:9; N, 5-2%). 

The anil (0-6 g.) was added to a solution of potassium hydroxide (2-4 g.) in water (12 c.c.) and 
ethanol (6 c.c.), which was then boiled under reflux for 1 hour. The cold filtered solution, when 
acidified with hydrochloric acid, deposited the 2-acetyl(thioindoxyl) (0-43 g., 99%), which 
after recrystallisation from methanol (charcoal) formed colourless crystals, m. p. 79-5—80°. 
Smiles and McClelland (J., 1921, 119, 1810) give m. p. 81°. 

Methylation of Thio-oxindole-3-aldehyde.—(a) The potassium derivative of the aldehyde was 
recovered unchanged after it had been boiled with methyl iodide for 3 hours, or vigorously 
shaken in aqueous potassium hydroxide suspension with methyl sulphate for 1 hour. (b) An 
ethereal diazomethane solution (36 c.c.; ca. 4-25 mol.) was added to a filtered solution of the 
aldehyde (1 g.) in ether (50 c.c.). After slight effervescence, the solution was again filtered and 
evaporated, leaving an orange-yellow gum which could not be recrystallised. It was dissolved 
in ether and shaken with 5% aqueous potassium hydroxide, which extracted some unchanged 
aldehyde. The residue from the evaporation of the ethereal solution was stirred with methanol, 
and the crystals which formed, when thrice recrystallised from aqueous ethanol, gave colourless 
crystals of the monomethyl aldehyde (probably IX), m. p. 67° (Found: C, 62-4; H, 4-5. 
C,)H,O,S requires C, 62-5; H, 4:2%). 

When, however, an ethereal solution of diazomethane (45 c.c.; ca. 1:25 g. of CH,N,) was 
added slowly with shaking to one of the aldehyde (1 g.) in methanol (25 c.c.), and the mixture, 
after cessation of the mild effervescence, was evaporated, an orange gum was obtained: after 
this had been stirred with methanol (3—4 c.c.), the small crop of crystals which separated 
furnished, after recrystallisation from methanol, pale straw-yellow needles of the dimethyl 
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derivative (XII), m. p. 125—126°, depressed to 79—82° by admixture of the sample with the 
original aldehyde (Found: C, 64-1; H, 5-1. C,,H,,0,S requires C, 64:0; H, 4:9%). 

No satisfactory product could be isolated from the attempted interaction of diazomethane 
and the benzoyl derivative of the aldehyde. 


We are greatly indebted to Imperial Chemical Industries Limited, Dyestuffs Division, for 
the gift of various intermediate compounds. 
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397. meroCyanines Derived from Thio-oxindole. Part I. mero- 
Cyanines having a Dimethin Chain Attached to the 3-Thionaphthen 
Nucleus. 


By R. H. GLAVERT and FREDERICK G. MANN. 


By condensing thio-oxindole-3-aldehyde with the quaternary salts of 
various heterocyclic compounds having a suitable reactive methyl group, a 
new type of merocyanine has been prepared in which the thionaphthen 
nucleus is linked at the 3-position to the dimethin chain.* Since certain 
of these compounds are active photographic sensitisers, a wide range has 
been prepared by variation of (a) the type of heterocyclic compound 
employed in this condensation, (6) the alkyl groups used for quaternisation 
of these compounds, (c) the nature and position of substituents in either or 
both of the heterocyclic systems present in each merocyanine. 

Further variation has been obtained by the insertion of methyl groups 
in the a- and the §-position in the dimethin chain. For comparative 
purposes, one compound has been prepared in which the two heterocyclic 
systems are directly joined, and the dimethin chain thus eliminated. 


Dyes of the merocyanine type containing the thionaphthen ring system linked at the 
2-position in the methin chain were described by Ogata (Bull. Inst. Phys. Chem. Res. Tokyo, 
1934, 13, 556) and later appeared also in patent specifications [e.g., Kodak Pathé, 
F.P. 793,723 (1936); Brooker-Kodak, U.S.P. 2,170,806 (1939)]. Considerably more 
detailed information concerning such merocyanines has been provided by Sveshnikov 
and Levkoev [jJ. Gen. Chem. U.S.S.R., 1940, 10, 274; Sveshnikov, Levkoev, and 
Durmashkina, tbid., p. 773; 1944, 14, 198; cf. also R.P. 58,099 (1940)], who found that 
such compounds having the 2-benzothiazole ring as the second heterocyclic nucleus showed 
activity as photographic sensitisers. The colour and absorption of such merocyanines have 
been studied by various workers (e.g., Sheppard, Rev. Mod. Phys., 1942, 14, 303; Kiprianov 
and Timoshenko, J. Gen. Chem. U.S.S.R., 1947, 17, 1468; Levkoev, Sveshnikov, and 
Lifshits, Doklady Akad. Nauk. S.S.S.R., 1950, 74, 275; Brooker, Keyes, Sprague, Van Dyke, 
Van Lare, Van Zandt, and White, J. Amer. Chem. Soc., 1951, 73, 5326). 

It is noteworthy, however, that the thionaphthen ring was linked solely at the 2-position 
in all the above compounds. We have now employed thio-oxindole-3-aldehyde (1) and 
its substituted derivatives (described in an earlier paper, J., 1952, 2127) for the preparation 
of a new type of merocyanine dye in which the thionaphthen ring is (necessarily) linked at 
the 3-position to the methin chain. 

We find that for this purpose the aldehyde (I) will condense under the influence of 
various basic catalysts with a variety of heterocyclic quaternary salts containing suitable 
reactive methyl groups. For example, it condensed with quinaldine methiodide in boiling 
ethanol in the presence of piperidine, to give [3-(dihydro-2-ketothionaphthen) }[2-(dihydro- 
1-methylquinoline) }Jdimethinmerocyanine (IIA), a highly crystalline compound which 
formed a magenta-coloured solution in ethanol. Lepidine methiodide similarly gave 
[3 - (dihydro - 2 - ketothionaphthen) ][4 - (dihydro - 1 - methylquinoline) }dimethinmerocyanine 
(III) which furnished a deep blue ethanolic solution. Analogous products were obtained 


* B.P. Appln. 21,584/1950. 
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from 2- and 4-picoline methiodides, but more strongly basic catalysts were required to 
cause pronounced condensation. 

It will be seen that all compounds of this type will exist as resonance hybrids, having 
one non-ionic canonical form (as IIA), and a second ionic form showing a charge separation 
(as IlB) which necessarily involves a reversal of the former conjugated system, and 
doubtless it is primarily to this structural feature that these merocyanines owe their intense 
colours. 


CH-CHO 
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In view of the potential value of these merocyanines as photographic sensitisers, we 
have investigated a wide range of members. The chief types will be briefly reviewed, but 
the complete list is given in Table 1. 

It is noteworthy that a basic catalyst was advantageous only when the quaternary salt 
of the heterocyclic compound was used: when, however, a suitable stable methylene 
base could be employed, condensation proceeded readily without a catalyst. For example, 
1 : 3: 3-trimethylindolenine methiodide (Fischer’s base hydriodide) (IV) would condense 
with the aldehyde (1) only under the influence of a base such as piperidine, to form 
[3-(dihydro-2-ketothionaphthen) ][2-(1 : 3 : 3-trimethylindoline) Jdimethinmerocyanine (V), 
but 1:3: 3-trimethy]l-2-methyleneindoline condensed with the aldehyde (I) in boiling 
methanol without a catalyst to give this merocyanine. 

2-Methyl-4 : 5-diphenylthiazole ethiodide underwent condensation with the aldehyde 
(I) under the usual basic conditions to give [3-(dihydro-2-ketothionaphthen) ][2-(3-ethyl- 

5-diphenylthiazoline) Jdimethinmerocyanine (VI), and 2-methylbenzothiazole ethiodide 
similarly gave the [2-(3-ethylbenzothiazoline) jdimethinmerocyanine (VII). Compounds 
similar to (VII) have also been prepared by using 6-chloro-2-methylbenzothiazole ethiodide, 
2: 5: 6-trimethylbenzothiazole ethiodide, 2-methylnaphtho(I’ : 2’-4 : 5)thiazole ethiodide 
(VIII), and 5’ : 6’: 7’ : 8’-tetrahydro-2-methylnaphtho(2’ : 1’-4 : 5)thiazole ethiodide (IX). 
The use of 2-methylbenzoselenazole methiodide furnished similarly the [2-(3-methylbenzo- 
selenazoline) Jdimethinmerocyanine (X). 
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Many analogous merocyanines have been prepared by: condensing 6-ethoxy-, 4: 5- 
benzo-, and 6-chloro-4-methyl(thio-oxindole)-3-aldehydes with the above heterocyclic 
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quaternary salts, so that the effect of substituents in the thionaphthen nucleus on the 
sensitisation could also be studied. 

An additional structural feature appears in one exceptional merocyanine prepared 
from 1-methyl-1’-phenylindolo(3’ : 2’-3 : 4)isoquinoline methiodide (Huang-Hsinmin and 
Mann, J., 1949, 2903). This quaternary salt, when condensed with thio-oxindole-3- 
aldehyde, furnished [3-(dihydro-2-ketothionaphthen) ][1-{1 : 2-dihydro-2-methyl-1’-pheny1- 
indolo(3’ : 2’-3 : 4)tsoquinoline}]dimethinmerocyanine (XIA). This compound, unlike its 
predecessors, has two ionic forms, in one (XIB) of which the pyridine nitrogen atom, and in 
the second (XIc) the indolo-nitrogen atom, takes the positive charge. 

The condensation of the various quaternary salts cited above with the aldehyde (I) and 
its substituted derivatives proceeded with varying ease under the influence of different 
basic catalysts, alone or mixed. The use of piperidine or triethylamine alone was often 
sufficient ; sometimes, however, a mixture of pyridine with either or both of these amines 
had to be employed, and in one case (that of 4-picoline methiodide) a solution of sodium 
methoxide in methanol had to be utilised. Since no reliable general rule for the choice 
of a catalyst can be given, the catalyst for each example is stated in the Experimental 
section. The anil of thio-oxindole-3-aldehyde could be used in place of the aldehyde in 


these condensations, the other conditions being unchanged, but a lower yield of the mero- 
cyanine appeared to result. It is notable, however, that all attempts to isolate mero- 
cyanines by the condensation of 2-methylthiazoline ethiodide or of 2-methyl-5-phenyl- 
benzoxazole ethiodide with the aldehyde (I) failed, in spite of the employment of various 
combinations of these basic catalysts, although the change in colour of the reaction mixture 
indicated in every case that some condensation was occurring. This recalls Haworth and 
Mann’s failure (J., 1944, 670) to condense these salts with 1 : 2-disubstituted 3-nitroso- 
indoles, and that of Holliman and Schickerling (J., 1951, 914) to condense the benzoxazole 
derivative with their nitrosopyrrocolines. 

All the merocyanines crystallise readily (when pure) in hard, well-formed, stable crystals, 
which usually show ‘a bright green surface reflection. Their solutions in methanol and 
ethanol frequently have a lower stability, and the colour of these solutions in certain 
cases slowly fades in the course of several days at room temperature. The colours in 
ethanolic solution of the merocyanines derived from the unsubstituted aldehyde (I) can be 
classified in accordance with the chief types of the second heterocyclic system thus: 2- and 
4-pyridine, red or purple; 2-quinoline, purple; 4-quinoline, blue; indolenine, orange; 
benzothiazole and benzoselenazole, pink. 

One sharp differentiation between our merocyanines and most true cyanine salts is 
provided by the action of acids. The true cyanines are usually decolourised in solution by 
the addition of strong mineral acids, since the latter by salt formation thrust a positive 
charge on the nitrogen atoms of both heterocyclic nuclei, and the characteristic structural 
features of the original cyanine are thus profoundly changed. These acids react, however, 
with our merocyanines to give highly coloured and rather unstable salts, which 
systematically are themselves true cyanines. For example, when the merocyanine (III) in 
concentrated acetone solution was treated with hydrobromic acid, the deep blue colour of 
the merocyanine was replaced by red, and deep brick-red crystals of the hydrobromide 
separated. This hydrobromide was sufficiently stable to allow crystallisation from acetic 
acid, but when the crystals were exposed to air at room temperature for two days, they 
then gave a blue solution in acetic acid, showing that considerable dissociation to the 
merocyanine had occurred. The deep red colour of the hydrobromide indicates almost 
certainly that salt formation had not occurred by simple proton addition to the nitrogen 


atom, as in (XII), but that the hydrogen atom had added on to the oxygen atom, and the 
6x 
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hydrobromide is consequently a resonance hybrid of the two forms (XIIIA) and (XIIIz) ; 
it therefore now possesses true cyanine characteristics and should be termed [2-hydroxy-3- 
thionaphthen |[ 1-methyl-4-quinoline}dimethincyanine bromide. The corresponding hydro- 
chloride and hydriodide of the merocyanine (III) were dull red and reddish-brown 
respectively, and were rather more unstable than the hydrobromide. 

Similarly, the orange indolenine merocyanine (V) gave a red crystalline hydrobromide 
which also could be recrystallised from acetic acid, but on attempted recrystallisation from 


ethanol furnished the original merocyanine : the hydrobromide was thus stable only in acid 
solution. 
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The properties of these salts recall the red compound (XIV) which Marschalk 
(J. pr. Chem., 1913, 88, 244) obtained by condensation of p-dimethylaminobenzaldehyde 
and thio-oxindole, and which gave a yellow hydrochloride. The compound (XIV) is 
clearly related to our merocyanines, and its hydrochloride is presumably a similar 
resonance hybrid of the forms (XVA) and (XVB). 
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In order to obtain further correlation between structure and sensitising action, we 
have also investigated the effect of (a) introducing substituents into the dimethin chain, 
and (b) eliminating this chain altogether. 

For the first purpose, 3- acetyl(thio-oxindole)' (J., 1952, 2127) was condensed with 
2-methylbenzothiazole ethiodide to give [3-(dihydro-2-ketothionaphthen) ][2-(3-ethyl- 
benzothiazoline) |-«-methyldimethinmerocyanine (XVI; R!= Me, R? =H, R* = Et), 
which gave a purple-red solution in methanol. When thio-oxindole-3-aldehyde was 
condensed with 2-ethylbenzothiazole methiodide, the [2-(3-methylbenzothiazoline]-8- 
methyldimethinmerocyanine (XVI; R!=H, R? = R* = Me) was obtained: both this 
compound and its 3-ethyl homologue (R? = H, R* = Me, R? = Et) gave magenta solutions 
in methanol. Finally, the condensation of 3-acetyl(thio-oxindole) with 2-ethylbenzo- 
thiazole methiodide furnished the [2-(3-methylbenzothiazoline) ]-«8-dimethyldimethinmero- 
cyanine (XVI; R! = R? = R® = Me), which gave an orange-yellow solution in methanol, 
in marked contrast to the colours provided by the other methyl derivatives. In all these 
condensations the yield was considerably lower than that usually obtained with mero- 
cyanines containing the unmethylated dimethin chain. 
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For the second purpose, an ethanolic solution of thio-oxindole and 2-ethylthiobenzo- 
thiazole ethiodide was boiled with triethylamine, ethanethiol being steadily evolved, and 
the solution ultimately deposited [3-(dihydro-2-ketothionaphthen) J[2-(3-ethylbenzo- 
thiazoline) }merocyanine (XVII) in high yield. This compound also gave an orange-yellow 
solution in ethanol. 

A complete list of the merocyanines thus prepared is given in Table 1, together with 
the absorption maxima which they show in various solvents and the sensitisation maxima 
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in a bromo-iodide emulsion: the choice of a solvent was determined, of course, by the 
solubility of the dye, but it was observed that, in general, a dye having the >NEt group 
in the second heterocyclic system was more soluble than the corresponding compound 
having the >NMe group. 

From the full data obtained from the absorption spectrograms, which are only briefly 
summarised in Table 1, the following generalisations can be made. Very feeble 
sensitisation is usually shown by those dyes which contain (a) the 4: 5-benzo- and the 
6-chloro-4-methyl substituents in the thionaphthen system, irrespective of the second 
heterocyclic system present, (b) the 1 : 3 : 3-trimethylindoline system, (c) one or two methyl 
groups in the dimethin chain, or (d) no dimethin chain. Those other merocyanines, how- 
ever, which contain either the unsubstituted or the 6-ethoxythionaphthen system show 
varying degrees of sensitisation, and certain of these members appear to be of great promise 
as photographic sensitisers. 


TABLE 1. 3-(Dthvdro-2-ketothionaphthen)merocyanines. 


[Col. 2 indicates whether the 3-(dihydro-2-ketothionaphthen) system is unsubstituted (‘‘ unsubtd.”’) 
or “whether it carries the 6-ethoxy-, the 4: 5-benzo-, or the 6-chloro-4-methyl substituents. Col. 3 
shows the nature of the dimethin chain, and col. 4 shows the second heterocyclic system present. Col. 6 
gives the absorption maxima (my) of solutions, the solvent and concentration of which are shown in 
col. 5, where M = methanol, E = ethanol, D = dioxan, and G = glycol monoethyl ether. The last 
column shows the sensitisation maxima (mp) of the dyes when applied to a bromo-iodide emulsion. } 
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Since supplies of 4:5-benzo- and 6-chloro-4-methyl-thioindoxyl-2-aldehydes were 
available (see J., 1952, 2127), we have utilised them to prepare a number of merocyapines, 
e.g., [2-(dihydro-3-keto-4 : 5-benzothionaphthen) }[2-(dihydro-1-methylquinoline) }dimethin- 
merocyanine (XVIII), for direct comparison with the isomeric 3-(2-keto)merocyanines 
described above. These 2-(dihydro-3-ketothionaphthen)merocyanines are similar in type 
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to those prepared by earlier workers, but members carrying substituents in the thio- 
naphthen ring have not apparently been previously recorded. 

We are now investigating further variations in the structure of the above 3-(dihydro-2- 
ketothionaphthen)merocyanines, in particular those in which the dimethin chain is replaced 
by (a) a tetramethin or a hexamethin chain, or (b) a diaza-chain. 


EXPERIMENTAL 


For ready correlation of preparation, identity, and absorption, the number allotted in arabic 
numerals to each merocyanine in Tables 1 and 2 (pp. 2139, 2141) is quoted immediately before the 
name in the description of the preparation of the dye. In most preparations, the effect of various 
basic catalysts was tested : only the most effective catalyst in each case is quoted below. Unless 
otherwise stated, one molecular proportion of the basic catalyst was employed. Since the 
colour of the crystalline merocyanines usually differed markedly from that of their solutions, 
both colours are given in Table 2. 

Intermediates used in the Preparation of the meroCyanines.—Of the various quaternary salts 
employed, the following are new: all were prepared by heating the cyclic tertiary amine with an 
excess of the appropriate alkyl iodide under reflux for the time stated. 2-Methyl-4 : 5-di- 
phenylthiazole ethiodide, after 13 hours’ heating, was collected, triturated with acetone, and 
then recrystallised from ethanol: it formed pale yellow crystals (yield 33%), m. p. 184° (Found : 
N, 3-6. C,,H,,NIS requires N, 3-4%). 2:5: 6-Tvimethylbenzothiazole ethiodide (3 hours’ 
heating) on recrystallisation from ethanol gave colourless needles (yield 54%), m. p. 231° 
(decomp.) (Found: N, 44. C,,H,,NIS requires N, 4:2%). 5’: 6’: 7’: 8’-Tetrahydro-2- 
methylnaphtho(2’ : 1’-4: 5)thiazole ethiodide (IX) (7-5 hours’ heating) on recrystallisation from 
ethanol and then acetone gave colourless crystals (yield 18%), m. p. 214° (decomp.) (Found : 
C, 46-4; H, 4:8. C,,H,,NIS requires C, 46-8; H, 5-05%). 2-Ethylbenzothiazole methiodide 
(2 hours’ heating), when recrystallised from ethanol-light petroleum (b. p. 60—80°), formed 
colourless crystals (yield, 28%), m. p. 180—181° (Found: N, 4-7. Cy, H,,NIS requires N, 
4-6%). The ethiodide (8 hours’ heating) (yield, 21%) had m. p. 195° (from ethanol) (Found : 
N, 42. C,,H,,NIS requires N, 44%). 2-Methyl-5-phenylbenzoxazole ethiodide (13 hours’ 
heating) formed colourless crystals (yield 42%), m. p. 182—183°, from acetone (Found: C, 
52-4; H, 4:6. C,,H,,ONI requires C, 52-6; H, 4-4%). 


meroCyanines derived from Thio-oxindole-3-aldehyde (1). 

(1) [3-(Dihydro-2-ketothionaphthen) )[2-(dihydro-1-methylpyridine) |dimethinmerocyanine. A 
mixture of the aldehyde (I) (0-3 g.), 2-picoline methiodide (0-4 g., 1 mol.), piperidine (0-5 c.c., 
3 mols.), triethylamine (10 c.c.), and methanol (5 c.c.) was boiled under reflux for 15 hours. The 
merocyanine separated from the cold mixture in 17% yield. 

(2) The [4-(dihydro-|-methylpyridine)}merocyanine. A mixture of the above aldehyde 
(0-34 g.), 4-picoline methiodide (0-45 g., 1 mol.), piperidine (0-19 c.c.), and methanol (10 c.c.) 
was boiled under reflux for 12 hours, but when the bright red solution was evaporated to dryness, 
the residue consisted almost entirely of the unchanged solid components. A solution of the 
residue in methanol (5 c.c.) was therefore shaken for 1 hour with a 10% methanolic sodium 
methoxide solution, when a purple precipitate of the merocyanine rapidly formed ; after being 
set aside for 2 days, this precipitate was collected (yield 22%). 

(3) The [2-(dihydro-1-methylquinoline) |\merocyanine (II a—B). When the aldehyde (0-5 g.), 
quinaldine methiodide (0-84 g., 1 mol.), piperidine (0-28 c.c.), and methanol (10 c.c.) were heated 
under reflux for 12 hours, the merocyanine was deposited in 21% yield. 

(4) The 1-ethyl homologue was similarly prepared from triethylamine (1 mol.) and piperidine 
(2 mols.), and obtained in 36% yield. When the aldehyde and the ethiodide in ethanol were 
boiled for 24 hours without a catalyst, a small yield of the dye, m. p. 210-5°, was obtained. 

(5) The [4-(dihydro-1-methylquinoline)|merocyanine (III) was prepared as for (3) using 
lepidine methiodide with 4 hours’ heating, and obtained in 63% yield. 

When 48% hydrobromic acid was added to a cold concentrated acetone solution of this 
merocyanine, the deep blue colour changed to deep red, and crystals of the hydrobromide 
(XIII, a—B) separated. These were collected, washed with acetone containing hydrobromic 
acid, and then recrystallised from acetic acid, from which the hydrobromide separated as small 
dull-red needles, m. p. 194° (decomp., preliminary softening) containing 3 mols. of acetic acid of 
crystallisation (Found: C, 54:0; H, 4:7; N, 2-2. C,).H,,ONBrS,3C,H,O, requires C, 54-0; 
H, 4:9; N, 2.4%). The hydrochloride and hydriodide are described on p. 2138. 
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(6) The 1-ethyl homologue. This was similarly prepared, but with 12 hours’ heating, and 
was isolated in 64% yield. 

(7) The [2-(dihydro-1-methyl-5 : 6-benzoquinoline)|\merocyanine. The aldehyde (0-24 g.), 
5 : 6-benzoquinaldine methiodide (0-45 g., 1 mol.), piperidine (0-5 c.c., 3-7 mols.), and methanol 
(10 c.c.) were boiled for 6 hours, the merocyanine rapidly separating (yield, 33%). 

(8) The [2-(1 : 3: 3-trimethylindoline)|merocyanine (V). (a) The aldehyde (0-34 g.), 1: 3: 3- 
trimethyl-2-methyleneindoline (Fischer’s base) (0-33 g., 1 mol.) and methanol (10 c.c.) were 
boiled for 12 hours without a catalyst. The merocyanine,m.p.180—181°, separated in 47% yield. 

(b) The above experiment was repeated, but with 2: 3: 3-trimethylindolenine methiodide 
(IV) (1 mol.), but no merocyanine could be isolated from the orange-red solution. When, 
however, piperidine (1 mol.) was added to the solution, boiling soon caused the separation of the 
merocyanine (yield 55%), m. p. 179—180°, unchanged by admixture with the previous sample. 

When 48% hydrobromic acid (0-25 g.) was added to an orange solution of the merocyanine 
(0-1 g.) in cold acetone (6 c.c.), red crystals of the hydrobromide rapidly separated : these were 
collected, washed with acetone containing hydrobromic acid, recrystallised from acetic acid, 
and dried in a desiccator at 1 atm. for 2 days. The hydrobromide then had m. p. 239—240° 
(decomp., with liberation of orange-brown vapour) (Found: C, 60-6; H, 50; N, 3-5. 
C,,H,,ONBrS requires C, 60-8; H, 4-9; N, 3-4%); when set aside in a specimen tube for 
2 months the compound had m. p. 232—234°, and after 11 months, m. p. 229—231°. 
Recrystallisation of a freshly prepared sample from ethanol gave crystals of the original mero- 
cyanine, m. p. 178—180°, unchanged by admixture with an authentic sample ; complete 
dissociation of the hydrobromide had thus occurred. The hydrobromide is systematically 
named [2-hydroxy-3-thionaphthen][1 : 3 : 3-trimethyl-2-indolenine]|dimethincyanine bromide. 

(9) The [2-(3-ethyl-4 : 5-diphenylthiazoline)|\merocyanine (VI) was prepared using piperidine 
in methanol with 5 hours’ heating, in 69% yield. 

(10) The [2-(3-ethylbenzothiazoline)|merocyanine (VII) was prepared using piperidine in 
methanol with 13 hours’ heating, and obtained in 45% yield. When the anil of thio-oxindole-3- 
aldehyde was used in place of the free aldehyde in this preparation, with 6 hours’ heating, the 
merocyanine (m. p. 230°) was obtained in 18% yield. 

(11) The [2-(6-chloro-3-ethylbenzothiazoline)|merocyanine was prepared using triethylamine 
in ethanol with 5 hours’ heating; yield, 19%. 

(12) The [2-(3-ethyl-5 : 6-dimethylbenzothiazoline) |\merocyanine was prepared using piperidine 
in methanol with 1 hour’s heating; yield, 34%. 

(13) The [2-(3-ethylnaphtho(\’ : 2’-4 : 5)thiazoline) |merocyanine was prepared using the iodide 
(VIII) and triethylamine in ethanol with 12 hours’ heating; yield, 11%. 

(14) The [2-(3-ethyl-5’ : 6’ : 7’ : 8’-tetrahydronaphtho(2’ : 1’-4 : 5)thiazoline)|}merocyanine was 
prepared using the iodide (IX) and piperidine in methanol with 3 hours’ heating; yield, 48%. 

(15) The [2-(3-methylbenzoselenazoline) |merocyanine (X) was prepared by boiling a solution 
of the aldehyde (0-4 g.), the methiodide (0-76 g., 1 mol.) and piperidine in pyridine (10 c.c.) for 
6 hours, and then evaporating the mixture to dryness under reduced pressure, and recrystallising 
the residue : yield, 13%. 

(16) The 3-ethyl homologue was similarly prepared using triethylamine in pyridine with 
18 hours’ boiling; yield, 13%. 

(17) The [1-{1 : 2-dihydro-2-methyl-1’-phenylindolo(3’ : 2’-3 : 4)isoquinoline})merocyanine (XI, 
A—C) was prepared using piperidine in ethanol with 6 hours’ heating, the solution being then 
set aside for 3 days whilst crystallisation proceeded; yield, 42%. 


meroCyanines derived from 6-Ethoxy(thio-oxindole)-3-aldehyde. 

(18) [3-(6-Ethoxydihydro-2-ketothionaphthen) |{2-(dihydro-1-methylquinoline) |\dimethinmerocya- 
nine was prepared in the usual way, piperidine in methanol being used with 11 hours’ heating, 
although crystals rapidly separated : yield, 51%. 

(19) The [4-(dihydro-1-methylquinoline) |\merocyanine was similarly prepared : yield, 23%. 

(20) The 1-ethyl homologue was similarly prepared using piperidine in ethanol with 24 hours’ 
boiling : the solution when set aside at 0° overnight deposited a dark oil which solidified on 
rubbing; yield, 26%. 

(21) The [2-(1 : 3: 3-trimethylindoline)|merocyanine was prepared from the aldehyde and 
1: 3: 3-trimethyl-2-methyleneindoline (1 mol.), with 16 hours’ boiling in methanol, and was 
collected after the mixture had been set aside for 2 days; yield, 26%. 

(22) The [2-(3-ethylbenzothiazoline)|merocyanine was prepared with piperidine in methanol 
with 6 hours’ boiling; yield, 53%. 
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meroCyanines derived from 4 : 5-Benzothio-oxindole-3-aldehyde. 
(23) [3-(Dihydro-2-keto-4 : 5-benzothionaphthen) |[2-(dihydro-1-methylquinoline) |\dimethinmero- 
cyanine was prepared by using piperidine in methanol with 6 hours’ heating; yield, 23%. 
(24) The [4-(dihydro-1-methylquinoline) }merocyanine was prepared by means of piperidine in 
methanol and boiling for 10 hours : yield, 23%. 
(25) The [2-(3-ethylbenzothiazoline)|merocyanine was prepared by means of piperidine in 
methanol with 12 hours’ heating; yield, 20%. 


meroCyanines derived from 6-Chloro-4-methyl(thio-oxindole)-3-aldehyde. 


(26) [3-(6-Chlorodihydro-2-keto-4-methylthionaphthen) |[2-(dihydro-1-methylquinoline) |dimethin- 
merocyanine was prepared using piperidine in methanol with 6 hours’ heating, although 
crystallisation rapidly started : yield, 30%. 

(27) The [4-(dihydro-1-methylquinoline)}merocyanine was similarly prepared; yield, 21%. 

(28) The [2-(3-ethylbenzothiazoline)|merocyanine was also similarly prepared with 12 hours’ 
heating; yield, 17%. 

meroCyanines having Methyl-substituted Dimethin Chains. 

(29) [3-(Dihydro-2-ketothionaphthen) \[2-(3-ethylbenzothiazoline) |-a-methyldimethinmerocyanine 
(XVI; R?=Me; R* =H, R* = Et). A solution of 3-acetyl(thio-oxindole) (1 g.), 2-methylbenzo- 
thiazole ethiodide (1-58 g., 1 mol.) and triethylamine (0-72 c.c., 1 mol.) in pyridine (20 c.c.) was 
boiled under reflux for 1-5 hours, rapidly developing a deep purple colour. The solvent was 
removed under reduced pressure, and the residue dissolved in hot methanol (25 c.c.) and set 
aside at 0° for 24 hours. The merocyanine separated in 6% yield. 

(30) [3-(Dihydro-2-ketothionaphthen) \{2 -(3-methylbenzothiazoline)| - ® - methyldimethinmero - 
cyanine (XVI; R! = H, R*? = R?=Me). This was prepared precisely as (29) using, however, 
thio-oxindole-3-aldehyde (1 g.) and 2-ethylbenzothiazole methiodide (1-72 g., 1 mol.) with 1 hour’s 
heating. The merocyanine separated (yield 10%) when the methanolic solution was set aside 
for 3 days. 

(31) The 3-ethyl homologue (XVI; R! = H, R? = Me, R* = Et) was prepared by using 
2-ethylbenzothiazole ethiodide and 1 hour’s heating. The hot deep purple solution was how- 
ever poured with stirring into water (100 c.c.), then set aside for 24 hours (ice-chest), the pale 
red aqueous layer decanted, and the sticky purple residue well stirred with water which was 
again decanted. The residue when recrystallised from methanol gave the merocyanine 
(yield 5%). 

(32) [3-(Dihydro-2-ketothionaphthen) \[2 -(3-methylbenzothiazoline) |-x8-dimethyldimethinmero- 
cyanine (XVI; R! = R? = R* = Me). This was prepared as (29) but from the ketone (1 g.) and 
2-ethylbenzothiazole methiodide (1-5 g., 1 mol.), with 25 hours’ heating, giving a pale orange- 
brown solution. The merocyanine (yield, 3-3%) separated when the methanolic solution of the 
residue was set aside for 3 days (ice-chest). 


meroCyanine with no Dimethin Chain. 

(33) [3-(Dihydro-2-ketothionaphthen) |{2-(3-ethylbenzothiazoline) |\merocyanine (XVII). A mix- 
ture of thio-oxindole (0-43 g.), 2-ethylthiobenzothiazole ethiodide (1 g., 1 mol.), triethylamine 
(0-4 c.c., 1 mol.), and ethanol (10 c.c.) was boiled under reflux for 6 hours, ethanethiol being 
evolved. The merocyanine separated on cooling (yield 90%). 


meroCyanines derived from 4: 5-Benzothioindoxyl-2-aldehyde. 


[2-(Dihydro-3-keto-4 : 5-benzothionaphthen) \[2 - (dihydro-1-methylquinoline) \dimethinmerocyan- 
ine (XVIII) was prepared from the above aldehyde by using piperidine in ethanol with 6 hours’ 
heating, and after recrystallisation from ethanol (pale violet solution) formed purple-black 
needles (yield, 65%), m. p. 302° (Found: C, 77-9; H, 46; N, 4-0. (C,,H,,ONS requires C, 
78-4; H, 4-7; N, 3-8%). 

The [4-(dihydvo-1-methylquinoline)|merocyanine was similarly prepared, crystals rapidly 
forming ; Owing to its low solubility in alcohols, it was recrystallised from benzene (dark purple- 
blue solution), giving yellowish-green needles (yield, 52%), m. p. 284—285° (Found: C, 78-3; 
H, 5:8; N, 3-85. C.gH,,ONS requires C, 78-4; H, 4-7; N, 3-8%). 

The [2-(3-ethylbenzothiazoline)|merocyanine was prepared with 13 hours’ heating, and when 
recrystallised from ethanol (pinkish-red solution) gave deep green crystals (yield 15%), m. p. 
251—253° (Found: C, 71-6; H, 46; N, 3-5. (C,,H,,ONS, requires C, 71-3; H, 4-4; N, 
3-6%). 
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meroCyanine derived from 6-Chloro-4-methylthioindoxyl-2-aldehyde. 
[2-(6-Chlorodihydro-3-keto-4-methylthionaphthen)}(2 - (dihydro - 1-methylquinoline) }dimethin - 
merocyanine was prepared by using piperidine in methanol with 4 hours’ heating. The dye, 
which readily separated, was recrystallised from ethanol (magenta solution) giving purple needles 
(yield 41%), m. p. 293—295° (Found: C, 68-7; H, 4:3; N, 3-7. C,,H,,ONCIS requires C, 
68-9; H, 4-4; N, 3-8%). 
We are greatly indebted to Messrs. Imperial Chemical Industries Limited, Dyestuffs Division, 


for the gift of various intermediate compounds, and for investigating the absorption and 
sensitisation of the merocyanines in various media. 
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398. The Use of Nitro- and Halogeno-ketones in the Synthesis of 
Pteridines, including Pteroic Acid, from 2: 4 : 5-Triamino-6-hydroxy- 
pyrimidine. 







By F. E. Kine and P. C. SPENSLEY. 


2: 4: 5-Triamino-6-hydroxypyrimidine (I) combines with both w-nitro- 
/ acetophenone and phenylglyoxal to give 2-amino-4-hydroxy-7-phenyl- 
pteridine, and forms the isomeric 6-phenylpteridine with ww-dichloroaceto- 
phenone. The products were differentiated by alkaline hydrolysis to the { 
respective 2-hydroxy-6-phenyl- and 2-hydroxy-5-phenyl-pyrazine-3-carb- 
oxylic acids. 
Details are given of the synthesis, already briefly reported (Nature, 1949, 
164, 574), of pteroic acid from the pyrimidine (I), p-aminobenzoic acid, and 
3-bromo-1 : 1-dichloroacetone, and of its extension to pteroyl-L-glutamic acid 
(cf. Hultquist and Dreisbach, Chem. Abs., 1949, 42, 7944, and Ann. Reports, 
1950, 47, 243, for other references). An attempt to prepare pteroic acid 
from the pyrimidine (I) and p-(3-hydroxy-2-nitroallylideneamino) benzoic 
acid, resulted in the extrusion of p-aminobenzoic acid and the formation of an 
analogous pyrimidine Schiff’s base. 




















IN connexion with a projected synthesis of pteroic acid from 2 : 4 : 5-triamino-6-hydroxy- 
pyrimidine (I), f-aminobenzoic acid, and nitromalondialdehyde (II; R = NO,), analogous 
to that in which the required three-carbon intermediate is reductone (Il; R = OH) 
(Angier et al., J. Amer. Chem. Soc., 1948, 70, 25; Forrest and Walker, J., 1949, 2002), 
we have investigated the condensation of 4 : 5-diaminopyrimidines with «-nitro-carbonyl 
compounds. As potentially the simplest member of the series, methazonic acid, 
NO,°CH,°CH:N-OH, was at first the subject of these experiments, and its readily available 
sodium salt was observed to undergo an easy reaction with the pyrimidine (I) ‘‘ bisulphite ”’ 
described by Cain, Mallette, and Taylor (J. Amer. Chem. Soc., 1946, 68, 1996). The 
resulting compound was shown by analysis and its rapid hydrolysis with acid to be a 
Schiff's base, and, in view also of the greater electron-availability at the pyrimidine 
5-amino-group under the conditions of pH pertaining to the condensation, the product 
was at first regarded as 2: 4-diamino-6-hydroxy-5-2’-nitroethylideneaminopyrimidine. 
However, its positive response to the Folin—-Denis test for 5-aminopyrimidines (J. Biol. 
Chem., 1912, 12, 239; Johnson and Johns, J. Amer. Chem. Soc., 1914, 36, 970) appears to 
exclude the pyrimidine-5-anil structure and to favour the alternatives (III; R = H) or 
that in which the pyrimidine 2-position is involved. Attempts to complete ring-closure by 
reduction methods on the assumption that (III; R =H) correctly represents the con- 
stitution of the condensation product invariably gave intractable products, but the strong 
blue fluorescence of their alkaline solutions implied at least partial formation of the pteridine 
ring. 

The investigation was therefore transferred from methazonic acid to the more stable 
w-nitroacetophenone which readily combined with the pyrimidine (I) bisulphite in aqueous 
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alcoholic solution to give a product of pteridine nature. Of the two isomers theoretically 
obtainable in this reaction, namely (IV) and (V), evidence is adduced (below, and forth- 
coming publication, F. E. King and B. K. Martin) which identifies the new compound as 
2-amino-4-hydroxy-7-phenylpteridine (IV). Pteridine formation also occurred on com- 
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bination of the two reagents in aqueous acetic acid, but the reaction failed in aqueous- 
alcoholic hydrochloric acid. This result is connected with the participation of the sulphite 
radical, as was apparent when a solution of w-nitroacetophenone and the pyrimidine (I) 
dihydrochloride in aqueous alcohol and buffered with sodium acetate gave, not the pteridine, 
but a Schiff’s base. The formation of 2-amino-4-hydroxy-7-phenylpteridine on the 
addition of sodium dithionite to a suspension of the anil in boiling aqueous ethanol, and its 
colour with the Folin—Denis reagent, leave little doubt that the intermediate is 2: 5- 
diamino-6-hydroxy-4-(2-nitro-l1-phenylethylideneamino)pyrimidine (III; R = Ph). 

The dependence of pteridine formation on the presence of sulphite or dithionite implies 
that the mechanism of ring-closure involves reduction of the nitro-group, possibly to 
oximino or amino, followed by the elimination of hydroxylamine or ammonia with the 
pyrimidine 5-substituent, and thereby suggests the possible application of «-oximino- or 
a-amino-ketones to pteridine synthesis. 2:4: 5-Triamino-6-hydroxypyrimidine di- 
hydrochloride, first prepared during the course of this research from the bisulphite by 
treatment with concentrated hydrochloric acid, has the advantage of greater water solu- 
bility than either the bisulphite or the sulphate of the pyrimidine. 

A further preparation was then carried out from the pyrimidine (1) and phenylglyoxal 
which by analogy with the synthesis of 2-amino-4-hydroxy-7-methylpteridine from methy]- 
glyoxal (Mowat et al., J. Amer. Chem. Soc., 1948, 70, 14; Forrest and Walker, /., 1949, 
79) may be expected to offer an alternative route to the 7-phenylpteridine (IV). A crystal- 
line sodium salt and sulphate were prepared and similar products were obtained from the 
pteridine derived from w-nitroacetophenone but the properties of these derivatives were 
insufficiently defined for the pteridine from the two sources to be identified with complete 
certainty. The orientation of 6- and 7-substituted pteridines may sometimes be deter- 
mined by oxidation to the respective carboxylic acids, each of which exhibits in alkaline 
solution a characteristic fluorescence (Forrest and Walker, Nature, 1948, 161, 308, and 
loc. cit.), but for the phenylpteridines this method was precluded by the comparative 
stability of the foregoing products to oxidation. The complete identity of the pteridines 
from the two sources was demonstrated by their degradation to the same series of sub- 
stituted pyrazinecarboxylic acids by the method of Weijlard, Tishler, and Erickson (J. 
Amer. Chem. Soc., 1945, 67, 802). The phenylpteridines proved resistant to sulphuric 
acid, but with aqueous sodium hydroxide at 170° gave a mixture of 2-amino- and 2-hydr- 
oxy-6-phenylpyrazine-3-carboxylic acid (VI; R = NH,) and (VI; R = OH), the latter 
being characterised by an ethyl ester, m. p. 112°. None of these products has yet been 
obtained by synthesis and their constitution rests upon the structure (IV) ascribed to the 
parent pteridine. Decarboxylation of the aminopyrazinecarboxylic acid (VI; R = NH,) 
in hot sulphuric acid gave 2-amino-6-phenylpyrazine. It resembles the compound obtained 
by Weijlard, Tishler, and Erickson (loc. cit.) from 2 : 4-dihydroxy-6(or 7)-phenylpteridine 
which being derived from phenylglyoxal is also, therefore, most probably the 7-phenyl- 
pteridine. 

By means of yet a third method of synthesis, the results of which have already been 
briefly described (King and Spensley, Nature, 1949, 164, 574), the isomeric 2-amino-4- 
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hydroxy-6-phenylpteridine (V) has been prepared. It consists in the condensation of 
4 : 5-diaminopyrimidines with aa-dihalogeno-ketones, thus eliminating the intermediate 
dihydropteridine stage inherent in the employment of a bromopropaldehyde with only 
one «-halogen atom, a method introduced by Waller et al. (J. Amer. Chem. Soc., 1948, 70, 19) 
for the earliest syntheses of the folic acid factors. At the time our experiments were in 
progress (1947—1948), apart from Purrmann’s somewhat analogous synthesis of xantho- 
pterin from the pyrimidine (I) and dichloroacetic acid (Annalen, 1940, 546, 98), no data 
concerning this newer method were available (cf. King and Spensley, Joc. cit.), but it has 
since been reported from several laboratories (see Ann. Reports, 1950, 47, 243). It is 
exemplified in the condensation of 1 : 1-dichloroacetone with the pyrimidine (I) which at 
room temperature afforded 53%, of 2-amino-4-hydroxy-6-methylpteridine, in marked 
contrast to the 6% yield of xanthopterin under the drastic conditions of Purrmann’s 
synthesis. The 6-methylpteridine has been prepared via the pteridine-6-acetic acid by 
Mowat et al. (loc. cit.); the orientation of the methyl substituent was ascertained by 
oxidation to the corresponding pteridinecarboxylic acid, which was recognised as the 
6-carboxylic acid by its characteristic fluorescence. 

The condensation of the pyrimidine (I) with we-dichloroacetophenone, although less 
rapid, was equally successful and gave what is now known to be 2-amino-4-hydroxy-6- 
phenylpteridine (V). Superficially there is little to distinguish it from the 7-phenyl 
isomer, but alkaline degradation, which gave only the 2-hydroxy-5-phenylpyrazine-3-carb- 
oxylic acid (VII) (ethyl ester, m. p. 158—159°) decisively established the individuality of 
the new pteridine. Marked differences in the fluorescence of the isomeric hydroxy-phenyl- 
pyrazinecarboxylic acids (VI; R = OH) and (VII) have been observed. 

The action of ww-dichloroacetophenone on 2: 4 : 5 : 6-tetra-aminopyrimidine similarly 
resulted in a pteridine which by analogy may be regarded as 2: 4-diamino-6-phenyl- 
pteridine. With phenylglyoxal, the tetra-aminopyrimidine gave the isomeric 2: 4- 
diamino-7-phenylpteridine, and in this case it was possible to distinguish between the two 
isomers by determinations of melting point. On the other hand, w-nitroacetophenone, 
from which 2-amino-4-hydroxy-7-phenylpteridine (IV) had earlier been obtained, gave in 
its reaction with the tetra-amino-base a product consisting, apparently, of a mixture of 
the 2 : 4-diamino-6- and -7-phenylpteridines. 
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The experience gained in the preparation of pteridines from w-nitroacetophenone was 
then applied to the problem of substituting nitromalondialdehyde (II; R = NO,) for 
reductone (II; R = OH) in the pteroic acid synthesis of Angier et al. and of Forrest and 
Walker. The appropriate intermediate (VIII; R = NO,, R’ = H) was readily prepared 
from nitromalondialdehyde and ~-aminobenzoic acid, and was then treated in aqueous 
solution with the pyrimidine (I). From an examination of the very sparingly soluble 
bright yellow compound which thereupon separated it was found that the p-aminobenzoic 
acid residue had been extruded during the condensation, and the identical product was 
obtained by the action of (I) on nitromalondialdehyde alone. This unexpected result 
appeared to denote the preferential formation of a new type of heterocyclic compound, 
i.¢é., a pyrimidinodiazepine, and the ready synthesis of the analogous 6-nitro-2 : 3-benzo- 
1 : 4-diazepine (IX) both from the ester (VIII; R = NO,, R’ = Et), again with the loss 
of the -aminobenzoic moiety, and from nitromalondialdehyde itself, appeared to support 
this conclusion. Careful analysis of the intensively dried material and other evidence 
(King and Martin, forthcoming publication), however, are in agreement with a Schiff’s 
base structure and it is probable that the compound is the pyrimidine-4-anil (X). 
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The apparent instability of the nitromalondialdehyde anil (VIII; R = NO,, R’ = H) 
in presence of the pyrimidine is in contrast to the properties of the analogous compounds 
from reductone (Angier, Joc. cit.), and it appears to preclude the formation of the dianil 
necessary for the synthesis of pteroic acid. Experiments with derivatives of bromo- 
malondialdehyde (II; R = Br) have given results similar to those from the nitro-aldehyde. 
In this case, however, the alternative was adopted of introducing the pyrimidine fraction 
first, using mucobromic acid («$-dibromo-$-formylacrylic acid) as the source of the bromo- 
aldehyde. The action of the pyrimidine (1) on mucobromic acid readily gave a Schiff's 
base but it failed to undergo the expected reaction with ethyl p-aminobenzoate to the 
required bromomalondianil. The monoanil (VIII; R= Br, R’ = Et), which was pre- 
pared from ethyl #-aminobenzoate and mucobromic acid, without isolation of the inter- 
mediate anil (XI), gave with the pyrimidine (I) an indefinite product from which the 
p-aminobenzoate residue had evidently been eliminated. 

Finally the ««-dichloro-ketone method was applied to the synthesis of pteroic acid, as 
already reported (King and Spensley, loc. cit.), a suitable trihalogeno-ketone being obtained 
by the bromination of 1: l-dichloroacetone. A liquid obtained in this way by Clocz 
(Ann. Chim. Phys., 1886, [vi], 9, 176) has been described as 3-bromo-1 : 1-dichloroacetone, 
but not analysed. The authentic compound is a crystalline solid and has been char- 
acterised by its semicarbazone. Its constitution has been proved by a synthesis from 
dichloroacetyl bromide and diazomethane, the intermediate diazo-ketone then being treated 
with hydrogen bromide. The hydrolysis with 30% sulphuric acid of ethyl y-bromo-aa- 
dichloroacetoacetate, prepared both by the bromination of the 1: 1-dichloro-ester or 
chlorination of the 3-bromo-ester also afforded some bromodichloroacetone, but it is not 
a preparative method. 

The isolation of a condensation product of ethyl p-aminobenzoate and the bromo- 
dichloroacetone could not be realised, but the alkali-hydrolysed product obtained after the 
addition of the pyrimidine (I) showed appreciable biological activity for Streptococcus 
faecalis R. Better results were obtained when all three components were combined simul- 
taneously, as in the standard procedure for the synthesis of pteroic acid, and the pH 
maintained at 4—4-3, the yield of pteroic acid determined by biological assay being 
9-9%. By substituting p-aminobenzoyl-L-glutamic acid for p-aminobenzoic acid and 
operating at a pH of approximately 3-4, a 14% yield of pteroylglutamic acid (assayed with 
Lactobacillus casei) was obtained which compares with the results obtained by others, for 
example, Weygand and Schmied-Kowarzik (Ber., 1949, 82, 333), who estimated the yield 
of folic acid from 1 : 1 : 3-tribromoacetone to be 14%. 

We are indebted to Dr. R. H. Nimmo-Smith for these biological determinations. 


EXPERIMENTAL 

2:4: 5-Triamino-6-hydroxypyrimidine Dihydrochloride.——The pyrimidine bisulphite de- 
scribed by Cain, Mallette, and Taylor (loc. cit.) (9 g.) was dissolved in hot water (35 c.c.) and 
treated with concentrated hydrochloric acid (15 c.c.). The solution was filtered from the 
precipitate of sulphur, and a further quantity of concentrated acid added, the mixture then 
being left to crystallise at 0° for an hour. The dihydrochloride (4-9 g.) was recrystallised by 
precipitation from an aqueous solution with concentrated hydrochloric acid, and it separated 
in clusters of colourless prisms, darkening at 260°, m. p. >300° (Found: Cl, 33-1. C,H,ON,,2HC1 
requires Cl, 33-2%). 

2(or 4) : 5-Diamino-4(or 2)-6-hydroxy-2’-nitroethylideneaminopyrimidine.—A filtered solution 
of 2: 4: 5-triamino-6-hydroxypyrimidine bisulphite (6 g., 1 mol.) in hot water (25 c.c.), treated 
with the sodium salt of methazonic acid (3 g., 1 mol.), became orange-coloured, and when the 
solution was warmed to 50° an orange-brown solid separated. The mixture was heated for 30 
minutes, and the product (4-2 g., 61%) was then collected, washed with hot water, and dried at 
100° under low pressure for analysis (Found: C, 31-3; H, 44; N, 36-9. C,H,O,N,,H,O 
requires C, 31:3; H, 4-4; N, 365%. Found, after drying at 150° in a high vacuum: C, 33-4; 
H, 4:2. C,H,O,N, requires C, 34:0; H, 3-8%). The compound, which was difficult to re- 
crystallise, had m. p. >300°, and in ammoniacal solution gave a dark bottle-green colour 
with the Folin—Denis reagent. It dissolved in dilute sodium hydroxide solution but the solution 
showed no fluorescence in ultra-violet light. A solution in warm 2n-sulphuric acid on cooling 
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deposited 2: 4: 5-triamino-6-hydroxypyrimidine sulphate (Found: C, 20-5; H, 3-6. Calc. 
for CgH,ON,,H,SO,: C, 20-1; H, 3-8%). 

The Schiff’s base was heated under reflux with aqueous alkalis, with dilute hydrochloric 
acid containing urea, and in water to which portions of sodium dithionite (hydrosulphite) were 
added; an alkaline solution was also hydrogenated over palladised strontium carbonate for 
15 hours, absorbing 6 equivalents. The products, liberated where necessary by acid, exhibited 
in dilute alkaline solution a sky-blue fluorescence in ultra-violet light, but the expected 2-amino- 
4-hydroxypteridine could not be isolated. 

The action of methazonic acid on a solution of 2: 4: 5: 6-tetraminopyrimidine bisulphite 
gave no precipitate. 

2 : 5-Diamino-6-hydroxy-4-(2-nitro-1-phenylethylideneamino)pyrimidine (III; R = Ph).—To 
a clear solution of 2: 4: 5-triamino-6-hydroxypyrimidine dihydrochloride (0-5 g., 1 mol.) in 
water (5 c.c.), powdered sodium acetate (1 g., 3 mols.) and then w-nitroacetophenone (0-4 g., 
1 mol.) in warm 50% aqueous ethanol (20 c.c.) were added. From the reddish-orange mixture 
a solid (0-5 g., 70%) gradually separated in the cold and was next day collected and crystallised 
from 50% alcohol. The Schiff’s base, m. p. >300°, separated in orange-coloured needles, 
insoluble in ethanol, and giving a very faintly fluorescent solution in aqueous alkali hydroxides. 
In ammoniacal solution the Folin—Denis reagent gave a bottle green colour (Found, after 
drying at 100° in a vacuum: C, 47-9; H, 4:9; N, 27-4. C,,H,,0O;N,,H,O requires C, 47-1; 
H, 4:6; N, 27-5%). 

2-Amino-4-hydroxy-7-phenylpteridine (IV).—(i) A suspension of 2: 5-diamino-6-hydroxy- 
4-(2-nitro-1-phenylethylideneamino)pyrimidine (1-1 g.) in refluxing 25% ethanol (25 c.c.) was 
treated with sodium dithionite (hydrosulphite) (5 g.) added in portions during 1 hour. The 
suspended solid became canary-yellow, and after a further hour’s heating, the mixture was 
allowed to cool. The product (0-95 g.) then collected contained sulphur, and 2-amino-4-hydroxy- 
7-phenylpteridine was obtained from it, by dissolving it in 2N-sodium hydroxide and acidifying 
the filtered solution with concentrated hydrochloric acid to pH 2, as a buff-coloured crystalline 
solid, m. p. >360° (Found, after drying at 100° in a vacuum: C, 56-9; H, 3-9; N, 27-3. 
C,,H,ON,,H,O requires C, 56-0; H, 4:3; N, 27-2%). 

(ii) When a filtered solution of 2: 4: 5-triamino-6-hydroxypyrimidine bisulphite (2 g., 
1 mol.) in hot 50% aqueous alcohol (75 c.c.) was treated with w-nitroacetophenone (1-6 g., 
1 mol.) in 50% alcohol, the yellow-orange pteridine began to separate after 5 minutes’ heating 
on a steam-bath, and at the end of 2 hours’ refluxing it was collected, washed with aqueous 
alcohol, and dried (yield, 0-65 g., 26%) (Found, after drying at 100° in a vacuum: C, 55-8; 
H, 4-1; N, 26-8%). Similar results were obtained in 50% acetic acid solution, but on repetition 
of the experiment with the addition of hydrochloric acid (4 mols.) the nitro-ketone was largely 
recovered. 

(iii) When a solution of the pyrimidine hydrochloride (0-9 g., 1 mol.) in water (9 c.c.) was 
treated with sodium acetate (1-8 g., 3 mols.) and freshly distilled phenylglyoxal (0-6 g., 1 mol.) 
dissolved in 50% aqueous alcohol (5 c.c.), an immediate reaction occurred, and after a few 
hours the precipitate of 2-amino-4-hydroxy-7-phenylpteridine monohydrate (1-05 g., 97%) 
was collected. Purified as before by solution in 2N-sodium hydroxide, it was a pale yellow 
solid, very sparingly soluble in hot water and acetic acid (Found: C, 56-3; H, 4:5; N, 27-4%). 
The pteridine was not completely dehydrated even after drying at 190° ina vacuum. In 2n- 
hydrochloric acid solution it formed a jelly, but on cooling of its solution in hot 2N-sulphuric acid 
the sulphate was obtained as a yellow powder, m. p. >300° (Found: C, 47-8; H, 3-8; S, 4-8. 
C,,H,ON,;,4H,SO,,H,O requires C, 47-1; H, 3-9; S, 5-2%. Found, after drying at 110° ina 
vacuum: C, 50-1; H, 3-7; N, 24-1. C,,H,ON,;,4H,SO, requires C, 50-0; H, 3-5; N, 24-3%). The 
pteridine sodium salt separated from 2N-sodium hydroxide in minute yellow aggregates which 
shrivelled on heating (m. p. >300°) (Found, after drying at 100° in a vacuum: C, 51-8; H, 3-4. 
C,,H,ON,Na,H,O requires C, 51-6; H, 3-6%). In very dilute aqueous solution its ultra-violet 
fluorescence was intense sky-blue. 

Both alkaline and acid solutions of the pteridine treated at 90° with 0-5mM-potassium 
permanganate for 1} hours gave evidence of partial oxidation but on working up only unchanged 
phenyl compound was recovered. 

2-Amino-6-phenylpyrazine-3-carboxylic Acid (VI; R = NH,).—2-Amino-4-hydroxy-7- 
phenylpteridine was heated in 80% sulphuric acid at 200° for 15 minutes and the charred 
mixture poured into ice-water. The solution was basified with ammonia to liberate the expected 
aminophenylpyrazine, but the resulting solid was insoluble in ether and consisted largely of the 
impure pteridine (IV). 
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The pteridine (5 g.) was heated with 4Nn-sodium hydroxide (50 c.c.) in an autoclave at 170° 
for 20 hours; water (50 c.c.) was then added and the boiling solution was filtered through a 
sintered-glass funnel. The solid crystallising on cooling formed pearly plates and consisted of 
sodium 2-amino-6-phenylpyrazine-3-carboxylate (1 g., 20%), which when recrystallised from 
dilute sodium hydroxide decomposed ca. 295° (Found: Na, 95. C,,H,O,N,Na requires 
Na, 9-7%). 

Acidification of an aqueous solution of the salt to pH 3 with hydrochloric acid precipitated 
2-amino-6-phenylpyrazine-3-carboxylic acid, which crystallised from a fairly large volume of 
50% alcohol in small pale yellow prisms, m. p. 225° (decomp.) (Found: C, 61-8; H, 4:1; N, 
19-3. C,,H,O,N; requires C, 61-4; H, 4:2; N, 19-5%). An acid solution of the pyrazine 
exhibited a purple-blue fluorescence in daylight and mid-blue in ultra-violet light which was 
largely quenched by alkali. 

2-Hydroxy-6-phenylpyrazine-3-carboxylic Acid (VI; R = OH).—When the filtrate from the 
preparation of sodium 2-amino-6-phenylpyrazine-3-carboxylate was brought to pH 2 with 
hydrochloric acid, the corresponding 2-hydroxy;acid (2-1 g., 50%) separated, which was first 
colourless and then became yellow. Crystallisation from 50% alcohol gave buff-coloured 
needles, m. p. 208—209° (decomp.) (Found: C, 60-8; H, 41; N, 13-0. C,,H,O,N, requires 
C, 61-1; H, 3-7; N, 130%). The dilute acid solution had a mid-blue ultra-violet fluorescence, 
considerably suppressed by alkali. 

Ethyl 2-Hydroxy-6-phenylpyvazine-3-carboxylate.—The pyrazinecarboxylic acid (0-5 g.) was 
heated under reflux in ethanol (5 c.c.) containing sulphuric acid (0-3 c.c.) for 2 hours and, on 
cooling, the ester (0-44 g.) was obtained as pale yellow prisms which, on recrystallisation from 
alcohol, had m. p. 112° (Found: C, 63-5; H, 4-8; N, 11-4. (C,,;H,,O,N, requires C, 63-9; 
H, 4-9; N, 11-5%). 

2-A mino-6-phenylpyrazine.—Sodium 2-amino-6-phenylpyrazine-3-carboxylate (0-8 g.) was 
mixed with 80% sulphuric acid (12 c.c.) and, after being heated at 200° for 15 minutes, the 
solution was cooled and poured on ice. After being made alkaline with 10N-ammonia it was 
extracted thrice with ether, and evaporation of the dried (Na,SO,) ethereal extracts gave 
2-amino-6-phenylpyrazine (0-41 g., 70%) which, by one crystallisation from water, was obtained 
as colourless pearly plates, m. p. 125—126° (Found: C, 70-0; H, 5:2; N, 24:5. Cy, H,N, 
requires C, 70-1; H, 5-3; N, 246%). Weijlard, Tishler, and Erickson, Joc. cit., give m. p. 
130—131° for 2-amino-5(or 6)-phenylpyrazine. 

2-Amino-4-hydroxy-6-methylpteridine.—To a solution of 2 : 4: 5-triamino-6-hydroxypyrimid- 
ine dihydrochloride (0-6 g., 1 mol.) in water (6 c.c.), sodium acetate (1-15 g., 3 mols.) and 1: 1- 
dichloroacetone (0-3 c.c., 1 mol.) were added. The orange-coloured solid (0-25 g., 53%) which 
immediately began to form was collected after an hour and dissolved in 2N-sodium hydroxide 
(12 c.c.). The introduction of 10N-alkali (10 c.c.) then slowly caused crystallisation of the 
pteridine sodium salt in yellow needles, and, after repetition of the process, a portion of the 
product was dissolved in water and acidified (pH 2). The precipitated 2-amino-4-hydroxy-6- 
methylpteridine was dried in a vacuum at 100° (Found: C, 47-1; H, 4:0; N, 39-4. Calc. for 
C,H,ON,: C, 47-5; H, 4:0; N, 395%). Oxidation of the remaining sodium salt with alkaline 
permanganate, in the manner described by Mowat e¢ al. (J. Amer. Chem. Soc., 1948, 70, 18) 
for the 7-methyl compound, gave 2-amino-4-hydroxypteridine-6-carboxylic acid, identified by 
its sky-blue ultra-violet fluorescence and absorption maximum, 263 my, in N/10-sodium hydr- 
oxide (Found: C, 40-5; H, 3-1. Calc. for C;H,O,N,: C, 40-6; H, 2.4%). 

2-A mino-4-hydroxy-6-phenylpteridine (V).—The triaminohydroxypyrimidine dihydrochloride 
(4-5 g., 1 mol.) in 50% aqueous alcohol (80 c.c.) was treated with sodium acetate (13-5 g., 
5 mol.) followed by ww-dichloroacetophenone (3-8 g., 1 mol.), and since the reaction occurred 
very slowly the mixture was heated under reflux for 1} hours. 2-Amino-4-hydroxy-6-phenyl- 
pteridine separated as a deep orange solid (3-1 g., 60%), and this was purified by dissolving it 
in hot 2N-sodium hydroxide and collecting the sodium salt which crystallised on cooling. The 
pteridine, m. p. >360°, was then obtained by dissolving the salt.in water and acidifying the 
solution to pH 2 (Found, after drying at 100° in a vacuum: C, 55-6; H, 3-9; N, 27-7. 
C,,H,ON,,H,O requires C, 56-0; H, 43; N, 27-2%). From a solution of the pteridine in 
2n-sulphuric acid the sulphate crystallised in minute pale yellow clusters of prisms, m. p. >360° 
(Found : C, 47-6; H, 3-6; S,49. C,,H,ON,,4H,SO,,H,O requires C, 47-1; H, 3-9; S, 5-2%). 

2-H ydroxy-5-phenylpyrazine-3-carboxylic Acid (VII).—2-Amino-4-hydroxy-6-phenylpteridine 
(3-1 g.) was hydrolysed by heating it in an autoclave with 4n-sodium hydroxide (32 c.c.) at 
170° for 24 hours, and the product isolated by diluting the solution with water (32 c.c.), heating 
it to boiling, and acidifying the filtered solution to pH 2. The initially pale precipitate became 
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yellow and consisted of 2-hydroxy-5-phenylpyrazine-3-carboxylic acid (1-5 g., 57%). It was 
soluble in hot 50% alcohol containing a small quantity of hydrochloric acid and separated, 
when rubbed, in bright yellow needles. Slow crystallisation under dust-free conditions gave 
minute clusters of yellow prisms, both varieties having m. p. 200° (decomp.), the former sinter- 
ing <100° and evidently being solvated. In dilute acid solution a brilliant pale green ultra- 
violet fluorescence was observed, quite distinct from that of the isomeric 6-phenylpyrazine 
(VI; R = OH); the mixed m. p. with the latter was 189° (Found, after drying at 100° in a 
vacuum: C, 61-0; H, 3-7; N, 13-0. C,,H,O,N, requires C, 61-1; H, 3-7; N, 13-0%). 

When heated under reflux in ethanol (5 c.c.) containing sulphuric acid (0-3 c.c.) for 2 hours, 
the pteridine (0-5 g.) gave ethyl 2-hydroxy-5-phenylpyvazine-3-carboxylate which separated after 
a while at 0° in pale yellow plates, m. p., after recrystallisation from 50% alcohol, 158—159° 
(Found: C, 63-8; H, 4:9; N, 11-6. C,,;H,,0,N, requires C, 63-9; H, 4-9; N, 11-5%). 

2 : 4-Diamino-6-phenylpteridine.—A solution of 2: 4: 5: 6-tetra-aminopyrimidine trihydro- 
chloride (1 g., 1 mol.) in water (5 c.c.) containing sodium acetate (2-8 g., 5 mol.) was treated 
with ww-dichloroacetophenone (0-75 g., 1 mol.) dissolved in alcohol (5 c.c.). After refluxing 
for 6 hours the mixture was cooled and the solid (0-3 g.) collected and dissolved in hot 2n- 
sulphuric acid. The pteridine sulphate which separated on cooling was recrystallised from 
2n-sulphuric acid, forming minute clusters of yellow needles, m. p. >300° (Found, after drying 
at 100° in a vacuum: C, 47-3; H, 4:3; N, 26:8. C,H oN,¢,4H,SO,,H,O requires C, 47-2; 
H, 4:3; N, 27-5%). When an aqueous acid solution of the sulphate was basified 2 : 4-diamino- 
6-phenylpteridine separated in minute yellow needles, m. p. 285—286° unchanged by further 
crystallisation from water (Found, after drying at 100° or 140° in a vacuum: C, 58-6; H, 
4:2; N, 34:5. C,,H,O,,4H,O requires C, 58-3; H, 4:45; N, 340%). The ultra-violet fluor- 
escence of a saturated solution of the pteridine in water is brilliant light blue-green. 

2 : 4-Diamino-7-phenylpteridine.—Solutions of 2: 4: 5: 6-tetra-aminopyrimidine bisulphite 
(2 g., 1 mol.) and of phenylglyoxal (1-3 g., 1 mol.) in 50% ethanol (30 c.c. and 50 c.c. respec- 
tively) became yellow when mixed and, the mixture, after refluxing for 15 minutes and cooling, 
deposited a pale yellow solid. ‘ This was best purified by dissolving it in hot 2N-sulphuric acid, 
whereupon the pteridine sulphate separated on cooling as pale yellow needles, m. p. >300° 
(Found: C, 47-6; H, 46; N, 27-2. C,,HN,,4H,SO,,H,O requires C, 47:2; H, 43; N, 
27:5%). 2: 4-Diamino-7-phenylpteridine was precipitated by alkali from a dilute acid solution 
of the sulphate, and when recrystallised from a large volume of water formed pale yellow needles, 
m. p. 290—291° (decomp.) and 277° when mixed with the isomeric 6-phenylpteridine of m. p. 
285—286° (Found, after drying at 110° in a vacuum: C, 60-8; H, 46. C,,H, N, requires 
C, 60-5; H, 4:2%). In aqueous solution the fluorescence of the 7-phenylpteridine cannot be 
distinguished from that of the 6-isomer. 

A solution of the tetra-aminopyrimidine trihydrochloride (1 g.) in water (5 c.c.) was mixed 
with @-nitroacetophenone (0-7 g.) in alcohol (8 c.c.), and sodium dithionite (4 g.) added. 
After 2 hours under reflux the solution was cooled and basified, and the solid (0-07 g.) 
collected. When purified through the sulphate and crystallised from water the product con- 
sisted of minute pale yellow needles, m. p. 280—281° after contracting at ca. 270°, not depressed 
by either the 6- or the 7-methylpteridine. A comparable experiment with the pyrimidine 
bisulphite in 50% alcohol also failed to give a pure compound. 

p-(3-Hydroxy-2-nitroallylideneamino)benzoic Acid (VIII; R = NO,, R’ = H).—The mixing 
of solutions (10 c.c.) of p-aminobenzoic acid (1-75 g., 1 mol.) and of sodionitromalondialdehyde 
(1-4 g., 1 mol.) in water caused the immediate precipitation of p-(3-hydroxy-2-nitroallylidene- 
amino)benzoic acid (2-1 g., 88%). It was collected and crystallised from 50% ethanol (500 c.c.), 
and separated in minute yellow prisms, m. p. 254° (decomp.), darkening from 250° (Found : 
C, 51-0; H, 3-4; N, 11-6. C,)H,O,N, requires C, 50-8; H, 3-4; N, 11-8%). 

2 : 5-Diamino-6-hydroxy-4-(3-hydroxy-2-nitroallylideneamino) pyrimidine.—(i) A solution of 
2: 4: 5-triamino-6-hydroxypyrimidine dihydrochloride (0-17 g., 1 mol.) and sodium acetate 
(0-4 g., 3 mol.) in water (5 c.c.) was added to one of p-(3-hydroxy-2-nitroallylideneamino) benzoic 
acid in hot 50% ethanol (60 c.c.). A colour immediately developed and an orange-yellow solid 
began to separate, and after the mixture had been heated to boiling the Schiff’s base (0-16 g.), 
m. p. 360°, was collected and washed with hot water and alcohol. It was insoluble in organic 
solvents and very sparingly soluble in water, and its solutions in dilute acid (pale yellow) or alkali 
(deep yellow) were non-fluorescent (Found, after drying at 100° and 160° in a high vacuum : 
C, 34-7; H, 3-5; N, 34-4. C,H,O,N, requires C, 35-0; H, 3-3; N, 35-0%). 

(ii) When solutions (4 c.c.) of the pyrimidine hydrochloride (8-6 g., 1 mol.) and sodium acetate 
(0-8 g.) and of sodionitromalondialdehyde (0-4 g., 1 mol.) in water were mixed, there was 
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instant precipitation of a golden-yellow voluminous solid (0-52 g.), identical with that obtained 
in the previous experiment (Found, after drying at 100° in a high vacuum: N, 35-0%). 

Ethyl p-(3-Hydroxy-2-nitroallylideneamino) benzoate (VIII; R = NO,,R’ = Et).—A suspension 
of sodionitromalondialdehyde (1-4 g.) in water (5 c.c.) was added to an aqueous solution (10 c.c.) 
of concentrated hydrochloric acid (1 c.c.) and ethyl p-aminobenzoate. The precipitate of ethyl 
p-(3-hydroxy-2-nitroallylideneamino)benzoate (2-3 g., 95%) crystallised from ethanol in yellow 
needles or prisms, m. p. 158—159° (Found: C, 54-9; H, 4:7; N, 10-4. C,,H,,O,;N, requires 
C, 54:5; H, 4:5; N, 10-6%). 

6-Nitro-2 : 3-benzo-1 : 4-diazepine (IX).—(i) On heating under reflux of a solution of ethyl 
p-(2-formy]-2-nitroethylideneamino)benzoate (0-88 g.) and o-phenylenediamine (0-36 g.) in 
alcohol (20 c.c.) for 1 hour a red solid (0-51 g., 81%) was precipitated, and from the residual 
liquid ethyl p-aminobenzoate (0-37 g., 61%) was recovered. The red precipitate, consisting 
of 6-nitro-2 : 3-benzo-1 : 4-diazepine, was insoluble in dilute alkalis and mineral acids, and was 
only very sparingly soluble in the common organic solvents. From quinoline it crystallised in 
deep red prisms, m. p. 360° (Found, after drying at 140° in a vacuum over phosphoric oxide : 
C, 57-1; H, 3-5; N, 22-2. C,H,O,N, requires, C, 57-1; H, 3-8; N, 22-2%). 

(ii) A mixture of sodionitromalondialdehyde (0-32 g.) and o-phenylenediamine (0-25 g.) in 
water (6 c.c.) containing concentrated hydrochloric acid (0-25 c.c.) was heated on a steam- 
bath and gave a yellow precipitate which rapidly became red. After 30 minutes’ heating the 
product (0-31 g., 71%) was collected; it was identical with the foregoing nitrobenzodiazepine, 
and formed deep red prisms, m. p. 360°, from quinoline (Found, after drying: C, 57-4; H, 
3-6%). 

Experiments with Mucobromic Acid (a«8-Dibromo-$-formylacrylic Acid).—(i) A mixture of 
aqueous solutions (10 c.c. each) of mucobromic acid (0-65 g., 1 mol.) and of 2 : 4: 5-triamino-6- 
hydroxypyrimidine hydrochloride (1-1 g., 2 mols.) buffered with sodium acetate (0-7 g.) immedi- 
ately gave a bright yellow precipitate (0-85 g.) of 2(or 4) : 5-diamino-4(or 2)-(2 : 3-dibromo-3- 
carboxyallylideneamino)-6-hydroxypyrimidine, m. p. >360° after darkening at ca. 195—200° 
(Found: C, 25-7; H, 2-0; N, 18-3. C,H,O,;N,Br, requires C, 25-2; H, 1-8; N, 184%). It 
gave only a pale green colour in ammoniacal solution with the Folin—-Denis reagent. The brown 
solid remaining after the pyrimidine had been heated for 40 minutes with a solution of ethyl 
p-aminobenzoate in 50% alcohol was but feebly fluorescent in alkaline solution and was not 
further examined. 

(ii) A solution of ethyl p-aminobenzoate (1-65 g., 1 mol.) and mucobromic acid (2-6 g., 
1 mol.) in ethanol (10 c.c.) was boiled under reflux for 20 minutes, diluted with water (300 c.c.), 
and after the addition of sodium hydrogen carbonate (0-84 g., 1 mol.) again refluxed for 1 hour. 
The hot solution was filtered, and on cooling it deposited ethyl p-(2-bromo-3-hydroxyallylidene- 
amino)benzoate (VIII; R = Br; R’ = Et) in very pale yellow needles (0-6 g., 20%). After re- 
crystallisation from ethanol this had m. p. 159—160°, identical with that of the product pre- 
pared from bromomalondialdehyde (R. M. Acheson, unpublished preparation) (Found: C, 
48-0; H, 3-8. C,,H,,O,NBr requires C, 48-3; H, 4.0%). Heated with the triaminohydroxy- 
pyrimidine (I) dihydrochloride in 50% alcohol buffered with sodium acetate, it gave a yellow- 
orange solid, having no fluorescence in alkaline solution. This was not identified but from its 
nitrogen content (37-3%) appeared to have lost the p-aminobenzoate residue. 

Dichloroacetyl Bromide.—A mixture of dichloroacetic acid (34 c.c., 1 mol.) and phosphorus 
tribromide (37 c.c., 1 mol.) was heated under a short column at 100° for 1 hour. The tem- 
perature was then slowly increased to 190° whereupon a distillate (76 g.) was collected, which 
on fractionation gave dichloroacetyl bromide (61-5 g., 81%), b. p. 125—129° (Found: C, 12-1; 
H, 0-44; halogen, 78-0. C,HOCI,Br requires C, 12-5; H, 0-52; halogen, 79-0%). 

3-Bromo-1 : 1-dichloroacetone.—(i) Bromine (10 c.c., 1 mol.) was gradually added during 1 
hour to 1 : 1-dichloroacetone (20 c.c., 1 mol.) heated on a steam-bath. The product was then 
washed with water and sodium hydrogen carbonate solution, dried (Na,SO,), and distilled. 
The fraction, b. p. 89—100°/25 mm. (28 g., 67%), which was solid at room temperature, was 
redistilled to give 3-bromo-1 : 1-dichloroacetone, b. p. 92—93°/25 mm., solidifying to needles, 
m. p. 30—31° (Found: C, 17-7; H, 1-5; halogen, 70-0. C,H,OCI,Br requires C, 17-5; H, 1-5; 
halogen, 72-8%). A solution of the bromodichloroacetone (0-82 g.) in ethanol (2 c.c.) and one 
of semicarbazide hydrochloride (0-44 g.) in water (2 c.c.) slowly deposited colourless prisms of 
the semicarbazone (0-54 g.) which were collected after 5 hours and, when twice crystallised from 
aqueous alcohol, had m. p. 131° (Found: C, 18-8; H, 2-6; N, 15-3; halogen, 56-4. C,H,ON,CI,Br 
requires C, 18-3; H, 2-3; N, 16-0; halogen, 57-4%). 

(ii) A stirred solution of diazomethane (8-8 g., 2 mols.) in dry ether (500c.c.) was treated with 





2152 Use of Nitro- and Halogeno-ketones in Synthesis of Pteridines, etc. 


dry ethereal dichloroacetyl bromide (20 g., 1 mol.; in 10 c.c.) added at room temperature in the 
course of 15 minutes. Three hours later the liquid was cooled to 0° and dry hydrogen bromide 
passed in until nitrogen evolution ceased. The ether solution was then washed with water and 
5% sodium carbonate solution, dried (Na,SO,), and finally distilled, the fraction of b. p. 90— 
100° (4:9 g., 23%) being collected. The bromodichloro-ketone, m. p. ca. 24°, gave a semi- 
carbazone, m. p. 130° alone or when mixed with that prepared from the bromination of dichloro- 
acetone. 

Ethyl y-Bromo-xa-dichloroacetoacetate.—(i) Ethyl aa-dichloroacetoacetate (75 g., 1 mol.), 
warmed to 50°, was treated dropwise with bromine (20 c.c., 1:05 mols.). The reaction was 
completed during 15 minutes at 90°, and after cooling, the product was neutralised with 
calcium carbonate and distilled. The fraction of b. p. 120—129°/11 mm. (47 g., 45%) consisted 
almost entirely of ethyl y-bromo-a«-dichloroacetoacetate, b. p. 127°/11 mm. (Found: C, 25-7; 
H, 2-5; halogen, 55-1. C,H,O,Cl,Br requires C, 25-9; H, 2-5; halogen, 54-3°%). 

(ii) Ethyl y-bromoacetoacetate (124 g.) was cooled in water while slowly saturated with 
chlorine ; the bromochloro-ester was then fractionated and the portion of b. p. 125—130°/11 mm. 
(71 g., 43%) redistilled for analysis (Found: C, 26-0; H, 2-7; halogen, 53-0%). 

When the bromodichloro-ester was heated under reflux with sulphuric acid considerable 
coloration occurred during the slow evolution of carbon dioxide. Fractional distillation of 
the ether-extracted oil gave a small quantity, b. p. 88—88°/25 mm., from which was obtained 
a semicarbazone, m. p. 128° undepressed when the semicarbazone was mixed with that of 
3-bromo-1 : 1-dichloroacetone. 

Pteroic Acid.—(i) 3-Bromo-1 : 1-dichloroacetone (2-06 g., 1 mol.), ethyl p-aminobenzoate 
(1-82 g., 1-1 mols.), and sodium. hydrogen carbonate (1-26 g., 1-5 mols.) were shaken with 9% 
alcohol (8 c.c.) for 3 days before the addition of a solution of the triaminohydroxypyrimidine 
hydrochloride (2-1 g., 1 mol.) and sodium acetate (5-3 g.) in 50% alcohol (40 c.c.). The dark 
brown precipitate (0-9 g.) was collected next day and left in 2N-sodium hydroxide (40 c.c.) under 
nitrogen for 2—3 hours. Acidification of the filtered solution gave a gelatinous product 
(0-4 g.) having 10% pteroic acid activity for Strep. fecalis R. 

(ii) To a mixture of p-aminobenzoic acid (1 g.) in ethanol (50 c.c.) and of the pyrimidine 
hydrochloride (1-5 g.) in water (150 c.c.) with sodium acetate (6 g.), the bromodichloroacetone 
(1-5 g.) was added with stirring during 20 minutes. The dark material (0-3 g.) which had 
separated in 14 hours (1% activity) was removed; when kept overnight a brown solid (0-3 g.) 
with 17% pteroic acid activity was deposited. 

(iii) The amino-acid (1 g.) in ethanol (100 c.c.) mixed with the pyrimidine hydrochloride 
(1-5 g.) in water (150 c.c.) were treated with the halogeno-ketone (1-5 g.) dissolved in alcohol 
(50 c.c.), the solution being kept at pH 4—4-3 by sodium hydroxide and stirred by a 
stream of nitrogen. The brown precipitate (0-4 g.) collected after an hour had 17% activity, 
and subsequent paler brown products, 0-35 g. after 5 hours and 0-07 g. after 36 hours, had 
36% and 50% activity, respectively; the overall yield was 9-9%. 

Pteroylglutamic Acid.—After the addition of the pyrimidine hydrochloride (1-5 g.) toa solution 
of p-aminobenzoyl L-glutamic acid (1-9 g.) in 25% alcohol (200 c.c.) stirred by a current of 
nitrogen, the bromodichloroacetone (1-5 g.) was added in ethanol solution (100 c.c.) during 1 
hour, the pH being kept at 3-25—3-55 with n-sodium hydroxide. The dark brown precipitate 
(0-42 g.), collected after 4 hour and assayed with Lb. casei, had a 34% pteroylglutamic acid 
activity, and the paler product (0-54 g.), deposited after a further 18 hours, 57% activity; the 
overall yield was 14-0%. 
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399. The Preparation of Some Substituted Homophthalic Acids. 
By A. S. BatLey and R. S. STAUNTON. 
Addition of hydrogen cyanide to 3-phenacylphthalides in 2-methoxy- 


ethanol, followed by a two-stage hydrolysis, is a general method for the 
preparation of substituted homophthalic acids. 


AppITION of hydrogen cyanide to 6 : 7-dimethoxy-3-(3 : 4-dimethoxyphenacy])phthalide 
(I; R=R’ = R” = R”’ = OMe) gave a-(2-carboxy-3 : 4-dimethoxypheny]l)-8-(3 : 4-di- 
methoxybenzoyl)propionitrile (II; R= R’ = R” = R’’ = OMe), which was converted 
by heat or mineral acids into the lactone of 3-(2-carboxy-3 : 4-dimethoxypheny])-5-(3 : 4- 
dimethoxypheny])-2-hydroxypyrrole (III; R = R’ = R” = R’” = OMe). This was then 
hydrolysed by alkali to a-(2-carboxy-3 : 4-dimethoxypheny]l)-8-(3 : 4-dimethoxybenzoy))- 
propionic acid (IV; R = R’ = R” = R’” = OMe) (Bailey and Robinson, /J., 1950, 1375). 
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This series of reactions has now been shown to be general for phenacylphthalides, the 
following phthalides having been taken through the sequence (I —-> IV) : 6 : 7-dimethoxy- 
3-4’-methoxyphenacylphthalide (I; R = H, R’ = R” = R’” = OMe), 6: 7-dimethoxy-3- 
p-tolylphthalide (I; R=H, R’= Me, R” = R’” = OMe), and _ phenacylphthalide 
(I; R= R’ = R” = R” = Hi). 

The nitrile (II; R = R’ = R” = R’”” = H) is more sensitive to mineral acids than are 
the corresponding nitriles having methoxyl or methyl groups at R’, and may be partly 
converted into the pyrrole lactone during isolation; this is presumably due to the 
deactivation of the carbonyl group of (II) by methoxyl or methyl at R’. 

The only other example of this sequence of reactions appears to be due to Haworth 
(J., 1937, 1312) who treated 6: 7-dimethoxy-3-phenacylphthalide (I; R= R’ =H, 
R” = R’” = OMe) with hydrogen cyanide at room temperature and obtained a gum 
which, on being boiled with hydrochloric acid, gave a solid to which Haworth ascribed 
structure (V). Alkaline hydrolysis of this solid gave an unidentified substance (m. p. 185°). 

Addition of hydrogen cyanide to (I; R= R’ =H, R” = R’” = OMe) under the 
conditions described by Bailey and Robinson (loc. cit.) gave 8-benzoyl-«-(2-carboxy-3 : 4- 
dimethoxyphenyl)propionitrile (II; R= R’ = H, R” = R’”’ = OMe) as a solid. The 
latter was converted by heat or acid into (III; R = R’ = H, R” = R’” = OMe) identical 
with the substance obtained by Haworth. We prefer structure (III) to (V) for reasons 
set out previously (Bailey and Robinson, loc. cit.). The ultra-violet spectra of (III; R = 
R’ = R” = R” = OMe), (III; R=H, R’ = Me, R” = R””’ = OMe), and (III; R = 
R’ = H, R” = R’””’ = OMe) were very similar, showing that the compound prepared by 
Haworth belongs to this class of substance. Hydrolysis of (III; R= R’=H, 
R” = R’’ = OMe) gave §-benzoyl-«-(2-carboxy-3 : 4-dimethoxyphenyl)propionic acid 
(IV; R=R’=H, R”=R”=OMe), m. p. 172—174°. This had the expected 
properties and the melting point could not be raised, even after conversion of the acid into 
its anhydride and hydrolysis of the purified anhydride. The nature of the product 
obtained by Haworth is obscure. 

Acids of type (II) have been esterified with diazomethane. The esters so obtained 
were stable to mineral acids or heat under conditions which rapidly transformed the free 
acids into the pyrrole lactones (III), indicating that the free carboxyl group is essential 
for the conversion (II) —> (III). 

6¥ 
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EXPERIMENTAL 


Phthalides.—6 : 7-Dimethoxy-3-4'-methoxyphenacylphthalide. Methanol (ca. 40 c.c.) was 
added to a suspension of p-methoxyacetophenone (16 g.) and opianic acid (21 g.) in 10% sodium 
hydroxide solution (70 c.c.) until a homogeneous solution was obtained. The reaction mixture 
was kept at room temperature for 24 hours and then acidified with dilute hydrochloric acid. 
The gum which separated soon solidified. It was collected, washed with water, and crystallised 
from 70% acetic acid (29-5 g.; m. p. 144—146°). The phthalide formed colourless needles 
(from dilute acetic acid), m. p. 146—147° (Found : C, 66-9; H, 5-3. C,gH,,O, requires C, 66-7; 
H, 5-2%). 

6 : 7-Dimethoxy-3-4'-methylphenacylphthalide, prepared from -methylacetophenone and 
opianic acid, formed colourless needles (from 80% acetic acid), m. p. 142—143° (Found: C, 
69-7; H, 5-3. C,,H,,O, requires C, 70-0; H, 5-5%). 

6 : 7-Dimethoxy-3-phenacylphthalide and phenacylphthalide were prepared in aqueous- 
methanolic solution as described above rather than in aqueous solution as used by Goldschmidt 
(Monatsh., 1891, 12, 476). When the substances were crystallised from ethanol as suggested 
by Goldschmidt they decomposed on storage; crystallisation from dilute acetic acid gave 
stable products. 

Nitriles.—a-(2-Carboxy-3 : 4-dimethoxyphenyl)-8-p-methoxybenzoylpropionitrile. Sodium ace- 
tate (4g., 1-1 mols.) was added to a solution of 6 : 7-dimethoxy-3-4’-methoxyphenacylphthalide 
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(10 g., 1 mol.) in boiling 2-methoxyethanol (30 c.c.). Potassium cyanide (4 g., 2:3 mols.) in 
water (10 c.c.) was added during 2 mins. below the surface of the yellow solution which was 
heated in a boiling-water bath. The heating was continued for 10 minutes, the liquid being 
gently stirred every minute, then the solution was cooled and acidified with 2N-hydrochloric 
acid, and the gum which separated washed by decantation. Digestion with warm 50% acetic 
acid gave a crystalline solid (ca. 70%) which was crystallised from light petroleum (b. p. 40— 
60°)-ethyl acetate (1:3). The nitrile formed colourless needles (Found: C, 64-8; H, 5-3; 
N, 3-4. Cy9H,,O,N requires C, 65-1; H, 5-2; N, 3-7%) which melted at 120—122°, evolving 
gas and forming a bright yellow solid which then melted at 244—246°. The substance was 
soluble in dilute sodium carbonate solution; when heated on the water-bath for 5 minutes, its 
colourless solution in aqueous ammonia (d 0-88) became deep green. 

a-(2-Carboxy-3 : 4-dimethoxyphenyl)-8-p-methylbenzoylpropionitrile was similarly prepared 
from 6: 7-dimethoxy-3-4’-methylphenacylphthalide. From benzene it formed colourless 
rhombs (Found: C, 68-3; H, 5-6; N, 4:0. C, 9H,,0,N requires C, 68-0; H, 5-4; N, 40%) 
which became pale yellow at 114° and melted at 132—133° with decomposition setting to an 
orange solid, m. p. 256—257°. The colourless sulution of the nitrile in aqueous ammonia (d 0-88) 
became deep green when heated. 

6-Benzoyl-a-o-carboxyphenylpropionitrile was similarly prepared from phenacylphthalide. 
Its solution in 2-methoxyethanol must be thoroughly cooled before the addition of mineral acid. 
The nitrile crystallised directly without digestion with 50% acetic acid. Crystallisation from 
methanol or ethyl acetate gave colourless rods, m. p. 270—280° (decomp.) (yellow at 110° 
without melting) (Found: C, 73-3; H, 5-0; N, 52%; equiv., 292. C,,H,,ON-CO,H requires 
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C, 73-2; H, 4:7; N, 5-0%; equiv., 279). A blue solution was formed when the nitrile was 
heated in aqueous ammonia (d 0-88). 

8-Benzoyl-a-(2-carboxy-3 : 4-dimethoxyphenyl) propionitrile is also rather sensitive to mineral 
acids. It crystallised from benzene in colourless rhombs, double m. p. 122—125° and (yellow 
solid) 282—284° (Found: C, 67-5; H, 5-0; N, 3-6, 44. C,)H,,0O,N requires C, 67-3; H, 5-0; 
N, 4:0%). Its ammoniacal solution became blue on being heated. 

Lactones (I1I).—Lactone of 3-(2-carboxy-3 : 4-dimethoxyphenyl)-2-hydroxy-5-p-methoxyphenyl- 
pyrrole (7 : 8-dimethoxy-5'-p-methoxyphenylpyrrolo(2’ : 3’-3 : 4)isocoumarin]. The crude material 
(Il; R =H, R’ = R” = R”’ = OMe) from the cyanide addition was dissolved in boiling glacial 
acetic acid (15 c.c.), the source of heat removed, and concentrated hydrochloric acid (1 ¢.c.) 
added. A thick yellow precipitate appeared immediately. The mixture was heated on the 
water-bath for 10 minutes, then cooled, water (10 c.c.) was added, and the solid was collected, 
washed well with water and 50% methanol, and dried (3-4 g. from 5 g. of phthalide). Two 
crystallisations from nitrobenzene gave the lactone as long orange needles, m. p. 247—248° 
(Found: C, 68-4; H, 4-9; N, 4-1. OC, 9H,,0O,N requires C, 68-4; H, 4:8; N, 40%). 

The lactone of 3-(2-carboxy-3 : 4-dimethoxypheny])-2-hydroxy-5-p-tolylpyrrole, obtained in 
90% yield from the phthalide, formed orange needles, m. p. 256—257° from dioxan (Found : 
C, 71-5; H, 5-0; N, 4:2. C,9H,,O,N requires C, 71-6; H, 5-1; N, 42%). 

The lactone of 3-(2-carboxyphenyl)-2-hydroxy-5-phenylpyrrole started to separate 
immediately {$-benzoyl-«-o-carboxyphenylpropionitrile was dissolved in boiling acetic acid, 
before the hydrochloric acid was added. Crystallisation from 2-ethoxyethanol gave clusters of 
yellow needles, m. p. 278—280° (decomp.) (Found: C, 78:0; H, 4:3; N, 5-0. C,,H,,O,N 
requires C, 78-2; H, 4:2; N, 5-4%). 

The lactone of 3-(2-carboxy-3 : 4-dimethoxypheny])-2-hydroxy-5-phenylpyrrole was prepared 
in three ways: (a) by the action of concentrated hydrochloric acid on a solution of the 
corresponding nitrile in acetic acid (it had m. p. 286—287°); (b) by heating the nitrile at 140— 
150°, crystallisation of the resulting glass from nitrobenzene giving yellow needles, m. p. 287— 
288° (Found: C, 71-2; H, 46; N, 4:2. C,,H,,O,N requires C, 71-0; H, 4:7; N, 44%); 
(c) as described by Haworth (loc. cit.). The three preparations were identical (mixed m. p.). 

Acids (IV).—a-(2-Carboxy-3 : 4-dimethoxyphenyl)-B-p-methoxybenzoylpropionic acid. The 
lactone of 3-(2-carboxy-3 : 4-dimethoxyphenyl)-2-hydroxy-5-p-methoxyphenylpyrrole (5 g.) 
was heated with 10% sodium hydroxide solution (50 c.c.) on the water-bath for 1-5 hours and 
then refluxed until evolution of ammonia ceased (ca. 30 minutes). Acidification of the filtered 
solution with hydrochloric acid gave a white solid which, collected, washed with water, and 
crystallised from 50% acetic acid, had m. p. 176—178° (4-9 g.). Two further crystallisations 
gave a-(2-carboxy-3 : 4-dimethoxyphenyl)-8-p-methoxybenzoylpropionic acid as colourless rhombs, 
m. p. 179—180° (decomp.) [Found : C, 61-6; H, 5-2%; equiv., 201. C,,H,,0,(CO,H), requires 
C, 61-8; H, 53%; equiv., 194). Refluxing the acid with acetic anhydride gave the anhydride, 
colourless rhombs (from benzene), m. p. 170—171° (Found : C, 64:9; H, 4-9. C, 9H,,O, requires 
C, 64-8; H,4-9%). The anhydride is soluble in 2N-sodium hydroxide, forming a yellow solution. 

a-(2-Carboxy-3 : 4-dimethoxyphenyl)-8-p-toluylpropionic acid, obtained by hydrolysis of the 
appropriate lactone, formed rods, m. p. 210—211° (decomp.), from 70% acetic acid [Found : 
C, 64:3; H, 57%; equiv., 188. C,,H,,0,;(CO,H), requires C, 64-5; H, 54%; equiv., 186); 
the anhydride formed plates, m. p. 161—162°, from benzene (Found : C, 67-3; H, 4:8. CyoH,,O, 
requires C, 67-8; H, 5-1%). 

8-Benzoyl-a-o-carboxyphenylpropionic acid formed clusters of diamond-shaped plates, m. p. 
181—183° (decomp.), from 70% acetic acid [Found: C, 68-8; H, 49%; equiv., 148. 
C,5;H,,0(CO,H), requires C, 68-5; H, 4-7%; equiv., 149]. The anhydride formed a felted mass 
of needles, m. p. 156—157°, from ethyl acetate (Found: C, 73-1; H, 46. C,,H,,O, requires 
C, 72-9; H, 43%). 

6-Benzoyl-a-(2-carboxy-3 : 4-dimethoxyphenyl)propionic acid was prepared by the hydrolysis 
of the lactone of 3-(2-carboxy-3 : 4-dimethoxyphenyl)-2-hydroxy-5-phenylpyrrole. It 
crystallised from 60% acetic acid in rods, m. p. 172—174° (decomp.) unchanged by 
crystallisation from benzene-ethanol (9:1) [Found: C, 63-8; H, 49. C,,H,,0,(CO,H), 
requires C, 63-7; H, 5-0%]. The anhydride formed rhombs, m. p. 150—151° from benzene 
(Found: C, 67-2; H, 4:9. C,)9H,,O, requires C, 67-1; H, 4-7%). The yellow solution of this 
anhydride in 2N-sodium hydroxide was heated on the water-bath until the colour disappeared 
(15 minutes) ; acidification and crystallisation from dilute acetic acid then gave the acid, m. p. 
170—171° (decomp.) (Found: C, 63-7; H, 5-2%; equiv., 178. Required: equiv., 179). 

Esters of (II).—a-(2-Carbomethoxy-3 : 4-dimethoxyphenyl)-8-(3 : 4-dimethoxybenzoyl)propio- 
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mitvile. A solution of a-(2-carboxy-3 : 4-dimethoxypheny])-8-(3 : 4-dimethoxybenzoy]) propio- 
nitrile (1 g.) was dissolved in methanol (5 c.c.) and esterified with excess of diazomethane. The 
solvents were removed and the ester crystallised from ethyl acetate as colourless rods, m. p. 
149—150° (Found: C, 64:2; H, 5-8; N, 3-3. C,,H,,0,N requires C, 64-0; H, 5-6; N, 3-4%). 

$-Benzoyl-a-(2-carbomethoxy-3 : 4-dimethoxyphenyl) propionitrile formed prisms (from ethanol), 
~ p. tiem (Found: C, 68-0; H, 5-5; N, 4:1. CyoH,O,;N requires C, 68-1; H, 5-4; 

, 40%). 

a-(2-Carbomethoxy-3 : 4-dimethoxyphenyl)-8-p-methoxybenzoylpropionitrile formed clusters of 
rods (from ethanol), m. p. 90—91° (Found: C, 66-4; H, 5-6; N, 4-1. C,,H,,O,N requires 
C, 65-9; H, 5-5; N, 3-7%). 

These esters were stable to heat and mineral acids under conditions which caused dehydration 
of the free acids to the corresponding pyrrole lactones. 


The authors are indebted to Professor Sir Robert Robinson, O.M., F.R.S., for his interest. 
The work was carried out during the tenure of a Pressed Steel Company Ltd. Research 
Fellowship by one of them (A. S. B.). 
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400. The Nitration of Phenanthridine. 
By A. G. CALDWELL and L. P. WALLs. 


Nitration of phenanthridine in mixed acids yielded 1-, 2-, 3-, 4-, 5-, and 
7-nitrophenanthridines, the last three constituting the bulk of the product, 
although analogy with quinoline and molecular-orbital calculations had indi- 
cated that the 1-nitro-compound would be a principal product. 

The 1- and the 3-nitro-compound were identified by comparison with 
authentic specimens, which were prepared from the 9-methyl compounds by 
way of the aldehydes and carboxylic acids. The 2- and the 7-compound were 
reduced to the aminophenanthridines, which were identical with amines ob- 
tained from authentic carbethoxyamino-9-methyl compounds. The 4- and 
the 5-compound were identified by exclusion, but confirmation was obtained 
by oxidising them to the nitrophenanthridones. 

The 2-, 3-, and 7-aminophenanthridinium salts had only very slight 
trypanocidal activity, and the 5-amino-salt was inactive. 

5-Nitrophenanthridone was identical with a product formed in very small 
yield from 4-nitrophenanthraquinone by the Schmidt reaction, and 4-amino- 
phenanthridone with that from fluorenone-4-carboxylic acid by the same re- 
action. Nitration of phenanthridone by nitric acid gives the 1l- and the 
3-nitrophenanthridone. 


PRELIMINARY observations on the nitration of phenanthridine were made many years ago 
(Morgan and Walls, J., 1932, 2229), and it is now possible to add more detail, including the 
identification by comparison with synthetic substances of the nitrophenanthridines thus 
produced. Interest in the phenanthridine series has increased in recent years, chiefly 
owing to the discovery of the nucleus in several classes of alkaloids, and of the notable 
chemotherapeutic properties of certain quaternary salts. It was important to settle the 
interesting question whether the characteristic trypanocidal activity of the aminophenan- 
thridinium salts is dependent on the presence of a 9-substituent. The orientation of the 
nitro-compounds, and the relative proportions in which they arise are also of importance, 
for Longuet-Higgins and Coulson (J., 1949, 978) have discussed the problem of the reactivity 
of the phenanthridine molecule in some detail from the point of view of molecular orbitals. 
There is a lack of data on the course of nitration of heterocyclic molecules (Schofield, Quart. 
Reviews, 1950, 4, 393). 

The nitration of phenanthridine is likely to be complex, for even if the 9-position is 
excluded from consideration on account of its marked reactivity towards nucleophilic re- 
agents, there remain eight different positions available for attack by an electrophilic re- 
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agent. Longuet-Higgins and Coulson’s calculations (I; the fractional numerals denote 
relative net charges at possible substitution positions) forecast that the 1- and the 5-position 
are the more probable positions of substitution under these conditions, although the 2-, 
3-, 4-, and 7-positions might also be attacked, the differences between the relative net 
charges not being very great. On purely chemical grounds analogy might be sought in the 
nitration of quinoline and 7soquinoline of both of which phenanthridine may be regarded as 
a derivative. In mixed acids quinoline affords roughly equal quantities of 5- and 8-nitro- 
quinolines (Fieser and Hershberg, J. Amer. Chem. Soc., 1940, 62, 1643), corresponding to 
the 4- and the 1-position respectively in phenanthridine, but the position of nitration of 
quinoline depends on conditions, lithium nitrate in acetic anhydride giving the 7-compound 
only (Bacharach, Haut, and Caroline, Rec. Trav. chim., 1933, 52, 413), which corresponds to 
the 2-position in phenanthridine. Although there is an unsupported statement (Andersag, 
Chem. Zentr., 1934, I, 3595) that nitration of isoquinoline gives the 5- and the 8-compound, 
oot -0-002 over oo Le Févre and Le Févre (J., 1935, 1475), using mixed acids, 
4s i) ant oe v3 obtained a quantitative yield of a compound which was sub- 
PN ZF Qu y ty sequently proved to be 5-nitroisoquinoline (Tyson, J. Amer. 
(1) SS \t an °°" Chem. Soc., 1939, 61, 183). The quantitative yield of 5-nitro- 
weS see isoquinoline has since been confirmed by Misani and Bogert (J. 
Org. Chem., 1945, 10, 358). The 5-position in phenanthridine is thus indicated, and 
chemical analogy, admittedly partial since no account is taken of the diphenyl link, 
therefore agrees with calculation in indicating l-, 4-, and 5-nitrophenanthridines as 
likely products. 

The early work had shown that phenanthridine is resistant to nitric acid alone, but 
nitration readily occurs in sulphuric acid solution, being restricted to mononitration only 
if exactly one equivalent of nitric acid is used. The product thus obtained was a complex 
mixture from which three nitro-compounds were isolated, A, m. p. 260—262°, B, m. p. 160— 
163°, and C, m. p. 156—158°, only B being obtained in good yield. Further examination of 
the nitration mixture has now revealed that three other nitro-compounds are present, 
namely, D, m. p. 194—195°, E, m. p. 187—188°, and F, m. p. 159—161°, and that B and C 
are formed in highest yield. The number of products and the circumstance that B and C 
are difficult to separate, have precluded quantitative assessment of the course of nitration, 
but certain generalisations may be advanced. The six products have all been identified by 
direct comparison with synthetic nitro- and amino-phenanthridines of known structures : 
B and C, formed in approximately equal amounts, are the 5- and the 4-derivative, and A, D, 
and E, all minor constituents of the mixture, are the 3-, 2-, and 1-derivative, respectively, 
whereas F, the 7-derivative, which is easily isolated, is formed in moderate yield. These 
results fall short of prediction chiefly in the very small yield of 1-nitrophenanthridine, 
which the molecular-orbital method had indicated as the probable main product. Nitration 
in sulphuric acid implies the prior addition of a proton to the nitrogen atom, and it is per- 
haps this circumstance, for which allowance has not been made in the molecular-orbital 
calculations, which causes the apparent divergence from theory. Schofield (loc. cit.) has 
discussed a similar divergence in quinoline and isoquinoline, and Longuet-Higgins and 
Coulson (loc. cit.) have advanced reasons why discrepancies between theory and experiment 
might be expected for electrophilic reactions. 

For the preparation of authentic nitro- and amino-phenanthridines, the methyl group 
was eliminated from the appropriate nitro- or carbethoxyamino-9-methylphenanthridines 
by the method described by Ritchie (J. Proc. Roy. Soc. N.S.W., 1945, 78, 164) for phenan- 
thridine itself, namely, oxidation of the 9-methyl compound to the aldehyde by means of 
selenium dioxide, followed by permanganate oxidation to the 9-carboxylic acid, and 
decarboxylation. The 2-, 3-, and 7-carbethoxyamino- and 3-nitro-phenanthridine-9- 
aldehydes were available from earlier work (Caldwell, in the press)-and the 6- and 8-carb- 
ethoxyamino- and 1-nitro-analogues have been prepared similarly. Diphenanthridinyl- 
ethylenes, obtained as by-products in the previous work, were again found in two examples. 

The aldehydes were oxidised by permanganate in aqueous pyridine under mild conditions 
to the carboxylic acids, which were accompanied by small amounts of the corresponding 
phenanthridones (cf. Ritchie, Joc. cit.). Stepan and Hamilton (J. Amer. Chem. Soc., 1949, 
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71, 2438) describe 1-nitrophenanthridine-9-carboxylic acid as a yellow substance of m. p. 
247—248°. Our product is almost colourless and is decarboxylated readily on melting at 
170°, or in suitable boiling solvents (e.g., glacial acetic acid), to give 1-nitrophenanthridine, 
m. p. 191—192°, identical with compound E. It is possible that Stepan and Hamilton's 
product was impure 1-nitrophenanthridone. 3-Nitrophenanthridine-9-carboxylic acid was 
decarboxylated particularly smoothly, so that when heated it showed no effervescence and 
gave only the melting point of 3-nitrophenanthridine, corresponding to compound A. The 
carbethoxyaminophenanthridine-9-carboxylic acids were also decarboxylated on melting, 
to give the carbethoxyaminophenanthridines, but use of this method involved the danger 
of thermal decomposition of the carbethoxyamino-group, and it was better in general to 
decarboxylate the amino-acids, which were readily obtained by mild alkaline hydrolysis of 
the carbethoxyamino-acids. An exception was 8-carbethoxyaminophenanthridine-9- 
carboxylic acid, which was smoothly decarboxylated below 100° to the carbethoxy- 
aminophenanthridine. 

Reduction of the nitrophenanthridines obtained by direct nitration to the amines, re- 
quired for comparison with the synthetic aminophenanthridines, presented some difficulty. 
Both compounds B and C in ethanol solution with hydrogen at normal temperature and 
pressure in the presence of palladium-charcoal gave mixtures indicative of reduction at 
other parts of the molecule in addition to the nitro-group. On use of iron powder and 
aqueous-alcoholic solutions of the nitro-compounds the products were hard to purify, par- 
ticularly that from D. The action of iron powder on a hot aqueous suspension of the nitro- 
compound was satisfactory, and in this way aminophenanthridines were obtained from 
nitro-compounds A, D, and F, and equated with the synthetic 3-, 2-, and 7-amino- 
compounds. 

Compound C gave a good yield of phthalic acid on oxidation with alkaline permanganate, 
and therefore must be 4-nitrophenanthridine, the nitro-group occupying the only available 
position in that ring. Compound B did not give an identifiable product on oxidation, but 
the amino-compound obtained from it by reduction was different from synthetic 6-, 7-, and 
8-aminophenaithridines, and thus by exclusion must be 5-nitrophenanthridine. Direct 
proof of this assignment was obtained subsequently. 

A nitrophenanthridine was obtained by Ritchie (loc. cit., p. 177) by nitration of 10- 
acetyl-9 : 10-dihydrophenanthridine with nitric acid followed by simultaneous hydrolysis 
and oxidation, and identified with compound A; it was correctly assumed by Ritchie to 
have the nitro-group in the 3-position. A substance obtained similarly in poor yield by the 
action of mixed acids on the same dihydro-compound was thought to be 7-nitrophenan- 
thridine; it occurred in orange leaflets, m. p. 178°, and apparently does not correspond to 
our 7-nitrophenanthridine or to any other of our nitration products. 

Phenanthridinium salts with an amino-group in the 2-, 3-, 5-, and 7-positions were 
prepared by conventional methods. Dr. L. G. Goodwin and his colleagues report that the 
2-, 3-, and 7-compounds show slight trypanocidal activity, being less effective than the 
corresponding 9-alkyl compounds. The 5-compound is inactive. Substitution in the 9- 
position with an aryl group would appear to be a condition for significant trypanocidal 
activity. 

It was first thought that the most convenient method of identification of the nitro- 
phenanthridines would be as the corresponding nitrophenanthridones. The literature 
describes only one method of oxidation of phenanthridines unsubstituted in the 9-position 
to phenanthridones, namely, by aqueous hypochlorite in the presence of a cobalt catalyst 
(Pictet and Patry, Ber., 1893, 26, 1962), but this method, which is very satisfactory for some 
quinoline derivatives, is unsuited to substances insoluble in water, and is liable to chlorinate 
the reactant or product (Sielisch and Sandke, Ber., 1933, 66, 433). The nitrophenanthrid- 
ines are resistant to many common oxidising agents, but a suitable one has been found in 
acid permanganate, which affords over 50%, yields of 4-, 5-, and 7-nitrophenanthridones ; 
4-nitrophenanthridone was also obtained in minute yield by Pictet and Patry’s method. 
Six nitrophenanthridones have previously been described, namely, the 1- (Stepan and 
Hamilton, Joc. cit.), the 2- and 7- (Moore and Huntress, J. Amer. Chem. Soc.., 1927, 49, 
1327), the 3- (Walls, J., 1935, 1406), and two nitration products of phenanthridone of 
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unknown orientation (Moore and Huntress, loc. cit.). The highest value recorded for the 
melting point of 7-nitrophenanthridone (292°) is much lower than ours (324—326°), but an 
explanation may be found in the earlier method of synthesis. The melting points of the 
nitrophenanthridones are much depressed by traces of impurity, and 7-nitrophenanthridone 
particularly is liable to further substitution, e.g., chlorination (see Experimental), and it 
may be that the earlier preparation by Hofmann’s reaction on 4’-nitrodiphenamic acid 
suffered slight bromination. 

Nitration of phenanthridone might be expected to give the 1- and the 3-nitro-deriv- 
ative, for the apposite ring is activated by a powerful ortho-para-orientating group, *NH-COR 
(compare the ready ortho-para-nitration of arylurethanes, Dikshoorn, Rec. Trav. chim., 
1929, 48, 527), whereas reactivity in the adjacent ring is depressed by a *CO-NHR’ group. 
The nitration product formed in small amount (the literature gives m. p. 253°), Stepan and 
Hamilton’s compound (m .p. 257—258°), and that obtained as a by-product in the oxidation 
of 1-nitrophenanthridine-9-aldehyde have been shown to be identical, repeated crystallis- 
ation eventually yielding yellow plates, m. p. 265—267°. 3-Nitrophenanthridone as ob- 
tained by chromic acid oxidation of 9-methyl-3-nitrophenanthridine forms brick-red 
needles (Walls, loc. cit.) whereas the major nitration product, and that obtained as a by- 
product from the oxidation of 3-nitrophenanthridine-9-aldehyde, are cream-coloured. 
The chromic acid product could not be further purified by crystallisation, but chromato- 
graphy of a pyridine solution on aluminium oxide was effective. 3-Nitrophenanthridone 
was strongly adsorbed, and on elution from the column was obtained in cream-coloured 
needles, m. p. 380—383°, identical with the nitration product. A dark red impurity was 
not adsorbed ; it was not obtained pure, but may be mainly the diphenanthridinylethylene. 

Caronna (Gazzetta, 1941, 71, 483) reported the conversion of phenanthraquinone into 
phenanthridone by hydrazoic acid, and the application of this method to 4-nitrophenan- 
thraquinone offered a means of identifying nitrophenanthridone B or C. Hydrazoic acid 
rapidly discharged the deep colour of the sulphuric acid solution of 4-nitrophenanthraquin- 
one, vigorous effervescence occurring, but the main product was a mixture of nitrodi- 
phenamic acids; a trace of nitrophenanthridone was also formed, and this was identical 
with nitrophenanthridone B and hence is the 5-compound. According to Stephenson (/., 
1949, 2620), diphenamic acid is also a product of the reaction with phenanthraquinone itself. 
This reaction of phenanthraquinones merits further study; the formation of phenanthrid- 
ones involves the elimination of the elements of carbon monoxide, an unusual reaction under 
such mild conditions (cf. Gore and Hughes, J. Amer. Chem. Soc., 1950, 72, 5770). The 
production of phenanthridones and diphenamic acids from phenanthraquinones may be 
formally interpreted by an extension of the mechanism proposed by Smith (J. Amer. Chem. 
Soc., 1948, 70, 320) for the Schmidt reaction. The first step would be the formation of two 
pairs of cis-trans-azides (I1; the NO,-group being in the 4- or the 5-position), followed by a 
Beckmann type of rearrangement with evolution of nitrogen to yield respectively the cyclic 
amides (III) and (IV: two isomers). Hydrolysis of (III) would yield a mixture of nitro- 
diphenamic acids, whereas by loss of carbon monoxide one isomer (IV) would yield 4-nitro- 
and the other 5-nitro-phenanthridone. 


It was of interest to study the reaction between the readily accessible fluorenone-4- 
carboxylic acid and hydrazoic acid. Both ring-expansion to a phenanthridone and the 
conventional Schmidt replacement of a carboxy- by an amino-group occurred simultane- 
ously, and 4-aminophenanthridone, identical with aminophenanthridone C, was isolated, 
but a mixture of presumed phenanthridonecarboxylic acids was also obtained. 

The following table summarises information on the nitrophenanthridines and nitro- 
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phenanthridones; the figures in parentheses denote the percentage yields actually isolated 
in the nitration of phenanthridine. 


Substitution position Nitrophenanthridine, m. p. Nitrophenanthridone, m. p. 

190° (1) 265—267° 

194—195 (6) 349 * 
266—267 (3) 380—383 
160-5—161-5 (26) 325—327 
166—166-5 (21) 316—318 
159—161 (11) 324—326 

* Moore and Huntress, loc. cit. 


EXPERIMENTAL 


Nitration Experiments.—(i) Phenanthridine nitrate (37 g.) was added to concentrated sul- 
phuric acid, and the crude mixture of nitro-compounds (35 g.) isolated as described previously 
(J., 1932, 2229). The mixture was dissolved in boiling benzene (200 ml.), and the solution was 
cooled. 3-Nitrophenanthridine (A) crystallised in buff needles (1 g.), m. p. ca. 240—250°, which 
after successive recrystallisation from alcohol (750 ml.) and 2-ethoxyethanol formed fine, very 
pale yellow needles, m. p. 266—267°, not depressed on admixture with synthetic 3-nitrophenan- 
thridine (Found: C, 69-35; H, 3-8; N, 12-0. Calc. for C,,H,O,N,: C, 69-65; H, 3-6; N, 
125%). 

The benzene mother-liquor was evaporated to dryness, and the residue dissolved in boiling 
ethanol. On cooling, a mass of crystalline material formed, from which well-defined transparent 
brownish-yellow prisms, m. p. 158—160°, were separated by hand-sorting. This substance 
(5-5 g.), viz., 5-nitrophenanthridine (B), was crystallised from benzene and then from ethanol, 
forming very pale yellow thick plates, m. p. 166—166-5° (Found: C, 69-6; H, 3-85; N, 12-3%). 
In the earlier publication (loc. cit.) it was stated that a third product was obtained in very small 
yield. It has now been found that crystallisation of the residue (28 g.), from which B had been 
sorted, from glacial acetic acid (56 ml.) afforded 4-nitrophenanthridine (C) in buff needles (6-5 g.), 
m. p. 158—160°, recrystallisation from alcohol yielding pale yellow stout needles, m. p. 160-5— 
161-5° (Found: C, 69-5; H, 3-4; N, 125%). The acetic acid mother-liquor slowly deposited 
2-nitrophenanthridine (D) (2 g.), which on recrystallisation from alcohol formed colourless 
needles, m. p. 196—197° (Found: C, 69-6; H, 3-55; N, 12-6%). 

The acetic acid mother-liquor was then diluted with water, and the crude solid collected, 
dried, and subjected again to the foregoing cycle of operations. Crystallisation from ethanol 
and hand-sorting afforded a further yield of B (2 g.), and crystallisation of the residue from acetic 
acid gave further C (2-5 g.). The acetic acid mother-liquor gradually deposited a fifth product 
(E) in small yield; crystallisation from alcohol gave stout acicular prisms, m. p. 187—188°, 
slightly raised by admixture with synthetic 1-nitrophenanthridine (Found: C, 70-1; H, 3-75; 
N, 12-45%). 

Thus the original crude mixture (35 g.) had given A, B, C, D, and E in yields of approximately 
1, 7-5, 9, 2, and <1 g., respectively; total 20-5g. It was subsequently found that F (4 g.) was 
also present; the total yield was thus 24-5 g. 

(ii) A solution of crude nitration product (23 g.) in benzene after removal of A was concen- 
trated to 100 ml.; crude B (600 mg.), m. p. ca. 150—160°, slowly separated. Further con- 
centration to 40 ml. and cooling gave pale yellow prismatic needles (6-7 g.), m. p. ca. 128—150°, 
a mixture of B and C, which could not be separated by crystallisation from alcohol or benzene. 
Fractional crystallisation from glacial acetic acid furnished the less soluble C (1-7 g.), m. p. 158— 
160°, and eventually crude B (1 g.) was isolated from the mother-liquor and purified by 
crystallisation from benzene. This method was not very satisfactory. 

The benzene mother-liquor from which the B + C mixture had separated was evaporated to 
dryness, and the residue dissolved in ethanol (250 ml.). Addition of concentrated sulphuric 
acid (5 ml.) to the solution caused clumps of ill-defined crystals to separate, which were collected 
(4:2 g.) and converted into the base (2-9 g.), 7-nitrophenanthridine (F), m. p. 155-—157°. Re- 
crystallisation from ethanol afforded small cream-coloured needles, m. p. 158-5—160-5°, depressed 
by admixture with B or C (Found: C, 69-5; H, 3-35; N, 12-55%). 

The alcoholic sulphuric acid mother-liquor on cooling deposited an oil, which soon crystallised, 
followed by cream-coloured needles. The latter, after recrystallisation from alcohol, although 
apparently homogeneous, was a mixture of the sulphates of B and C, the base derived from it 
having m. p. ca. 128—130°. It was clear that the attempt to separate the nitration mixture 
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through the sulphates was only successful in so far as the sulphate of 7-nitrophenanthridine is 
practically insoluble in alcohol. The method was not pursued further, effective separation 
being prevented by the formation of mixed crystals of B and C as bases and as sulphates. 

2-, 3-, 4-, 5-, and 7-Aminophenanthridines were obtained by reduction of the nitro-compounds 
as follows: the nitrophenanthridine (200 mg.), iron powder (400 mg.), water (10 ml.), and 2Nn- 
acetic acid (0-2 ml.) were heated at 100° for 4 hours with frequent shaking. The iron—amine 
mixture was collected, dried, and extracted with boiling benzene. On cooling, the extract 
deposited crystals of the aminophenanthridine (80—150 mg.). The 2-, 3-, and 7-compounds 
were identical with synthetic specimens. Details are given in Table 3. 

Phenanthridine-9-aldehydes.—These were prepared by the method already described for 
related compounds (Caldwell, Joc. cit.), freshly prepared and sublimed selenium dioxide being 
used. 

1-Nitrophenanthridine-9-aldehyde (30% yield, with recovery of 30% of starting material) 
crystallised from benzene-light petroleum (b. p. 60—80°) as fine cream-coloured needles, m. p. 
203—204° (Found: C, 66-7; H, 3-15; N, 11-25. C,,H,O,N, requires C, 66-65; H, 3-2; N, 
11:1%). The by-product, 1 : 2-di-(1-nitro-9-phenanthridinyl) ethylene (4%), was crystallised several 
times from pyridine to give fine orange-red needles, m. p. above 360° (Found: C, 71-65; H, 
3-1; N, 11-4. C,,H,,O,N, requires C, 71-2; H, 3-4; N, 11-85%). 

6-Carbethoxyaminophenanthridine-9-aldehyde, obtained in 70% yield, formed pale yellow 
plates, m. p. 201—203°, from benzene (Found: C, 69-4; H, 4:65; N,9-7. C,,H,,0O,N, requires 
C, 69-4; H, 48; N, 95%). 1: 2-Di-(6-carbethoxyamino-9-phenanthridinyl)ethylene (7% yield) 
was identified by comparison with an authentic specimen synthesised from 6-carbethoxyamino- 
phenanthridine-9-aldehyde and 6-carbethoxyamino-9-methylphenanthridine (cf. Caldwell, 
loc. cit.). The pure compound formed small yellow plates, m. p. 295—300° (decomp.), from 
pyridine (Found: C, 73-2; H, 5-45; N, 10-2. C,,H,,O,N, requires C, 73-35; H, 5-05; N, 
10-05%). 8-Carbethoxyaminophenanthridine-9-aldehyde (60% yield) crystallised from benzene 
in bright yellow plates, m. p. 221—223° (effervescence) (Found: C, 69-5; H, 4:9; N, 9-6. 
C,,H,,0,N, requires C, 69-4; H, 4:8; N, 9-5%). 

Phenanthridine-9-carboxylic Acids.—The following general method was employed for the 
oxidation of the nitro- and carbethoxyamino-phenanthridine-9-aldehydes to the carboxylic 
acids: a solution of the aldehyde (2 g.) in pyridine (50—150 ml., according to solubility) was 
stirred at 40° during the gradual addition (30—45 minutes) of a solution of potassium perman- 
ganate (840 mg. for nitro-compounds; 800 mg. for carbethoxyamino-compounds) in water 
(16 ml.). The mixture was stirred for a further 30—60 minutes at the same temperature, heated 
to boiling, and filtered hot; the manganese dioxide was extracted with boiling pyridine and then 
potassium carbonate solution. The combined filtrates were much diluted with water, and then 


TABLE 1. Phenanthridine-9-carhoxylic acids. 


Colour _p. Found, % Required, 
Substituent (solvent) y. Formula Cc H . cS H 
C,,H,O,N, = 3-0 
Me 33-15 2-95 
(no efferv.) 
183 C,,H,,0.,N, . 4:3 


Orange (water) 190 - 
Bright yellow 235 - 
(AcOH) 
Deep red 202 
(water) 
2-NH-CO,Et  Colourless 175 C,,H,,O,N, 
(dioxan) (rapid heating) 
224—225 
(slow heating) 
3-NH-CO,Et Yellow (AcOH) 193 
6-NH-CO,Et Pale yellow * 193 
7-NH-CO,Et Yellow (aq. 192 
dioxan) 
8-NH-CO,Et Yellow * 105—110 
Resolidification 
158—160° 


* Not recrystallised, but purified by reprecipitation from solution in aqueous potassium carbonate 
and dried at room temperature in a vacuum before analysis. Others dried at 100° in a vacuum. 
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evaporated to small volume to remove pyridine. The phenanthridone (usually 200—300 mg.) 
which separated was collected, and acidification of the filtrate gave the carboxylic acid (1-2— 
1-7 g.). 

Oxidation of 8-carbethoxyaminophenanthridine-9-aldehyde under these conditions was very 
slow, so the temperature was raised to 50°, 750 mg. of the phenanthridone and 900 mg. of the 
carboxylic acid being obtained. 

The carbethoxyaminophenanthridine-9-carboxylic acids, after hydrolysis for 5 minutes 
by boiling 2N-sodium hydroxide followed by neutralisation, gave the corresponding amino- 
phenanthridine-9-carboxylic acids. 

The acids prepared by these procedures, which all formed needles, are listed in Table 1, and 
the carbethoxyaminophenanthridones, which all crystallised in colourless needles, in Table 2. 

Decarboxylations.—Of the following methods of decarboxylation, that used in each case is 
indicated in Table 3. (i) The carboxylic acid was heated alone at a temperature 5—10° above 


TABLE 2. Carbethoxyaminophenanthridones. 


Position of 
substituent Solvent M. p. (efferv.) 
2- Dioxan ca. 250 


(rapid heating) 
285 


3- AcOH 

6- EtOH 280 

8- ia 295 
C,6H,,0,N, requires 


TABLE 3. Phenanthridines. 
Me ) ipti . ‘ 
—_- ‘ol aotiiion} Found, % Required, % 
Substituent prepn.* (solvent) M. p. Formula Cc ‘ Cc H N 
a,c Pale yellow 191—192° C,,H,O,N, 69-65 3-25 12-5 69-65 3-6 12-5 
(EtOH) (shrinking 


White (aq. 266—2 - 69-75 
AcOH) 
Yellow, prismatic 144—145 C,,H,,N, 80-25 
(CoHe) 
Pale yellow 152—153 ‘e 80-25 
(CgH¢) 
Yellow (C,Hg) 115-5—117 r 80-1 
Pale yellow 143-5— ie 80-4 
(CH) 144-5 
Colourless (aq. 192—194 , 80-6 
MeOH) 
Pale yellow (aq 203—204 os 80-65 
MeOH) 
Pale yellow 208—210 
(CgHg) 
2-NH-CO,Et Colourless, felted 227—229 C,,H,,0,N, 7 
(EtOH) (efferv.) 
3-NH-CO,Et Fine, colourless 221 
(EtOH) (efferv.) 
7-NH°CO,Et Colourless 205—206 
(MeOH) 
8-NH-CO,Et Colourless (CgH,- 161—163 
light petroleum) 


* (a) Nitration of phenanthridine. (b) Decarboxylation method (i). (c) Decarboxylation method (ii). 
(d) Decarboxylation method (iii). (e) Reduction of nitro-compound. (f) Hydrolysis of 8-carbethoxy- 
aminophenanthridine by 50% sulphuric acid at 150°. (g) Reaction of the aminophenanthridine 
with ethyl chloroformate in alcoholic solution. (h) Decarboxylation of 8-carbethoxyaminophen- 
anthridine-9-carboxylic acid in an oven at 95° for 2 hours. 


its m. p. until effervescence ceased. The residue was dissolved in dilute (ca. 0-5N) acetic acid, 
and the solution was treated with charcoal, filtered, and made alkaline to precipitate the product. 
(ii) The carboxylic acid was boiled with glacial acetic acid for 5 minutes. The product was 
precipitated by dilution with water. (iii) A solution of the acid in quinoline (10 vols.) was 


boiled for 2—5 minutes. The quinoline was removed in steam, and the product worked up 
through dilute acetic acid as in (i). 





[1952] The Nitration of Phenanthridine. 2163 


2-Carbethoxyamino-10-methylphenanthridinium Bromide.—2-Carbethoxyaminophenanthridine 
(450 mg.) in nitrobenzene (4 ml.) was treated at 150° with methyl sulphate (0-5 ml.). 
After 5 minutes at 150° benzene was added, and the yellow solid collected and washed with 
acetone. The bromide (500 mg.), obtained by using potassium bromide in aqueous solution, 
crystallised from methanol as fine yellow needles, m. p. 252° (decomp.) (Found: N, 7:6; 
Br, 22-1. C,,H,,O,N,Br requires N, 7-75; Br, 22-15%). 

The 3-carbethoxyamino-analogue was prepared similarly and formed fine yellow needles, m. p. 
242° (decomp.), from ethanol (Found: N, 7-65; Br, 22-1%); the 7-carbethoxyamino-isomer 
formed small bright yellow needles, m. p. 255° (decomp.), from methanol-—ethy] acetate (Found : 
N, 7-65; Br, 21-85%). 

2-Amino-10-methylphenanthridinium JIodide.—Hydrolysis of the carbethoxyamino-salt 
(450 mg.) with concentrated sulphuric acid (1-2 ml.) and water (1 ml.) at 140° for 25 minutes 
yielded, after dilution with water, neutralisation with ammonia, and addition of potassium 
iodide, the amino-iodide (400 mg.), which formed orange-red plates, m. p. 243—245°, from 
methanol (Found: C, 49-65; H, 3-8; N, 805; I, 38-35. C,,H,,N,I requires C, 50-0; H, 
3-9; N, 83; I, 37-8%). The 3-amino-iodide, obtained similarly, crystallised from aqueous 
alcohol in fine orange needles, m. p. 255—257° (Found: N, 8-55; I, 37-6%), and the 7-amino- 
iodide formed orange-red needles, m. p. 250—251°, from aqueous alcohol (Found: N, 8-1; 
I, 37-65%). 

5-Acetamido-10-methylphenanthridinium Methyl Sulphate—5-Acetamidophenanthridine was 
obtained by warming the amine with acetic anhydride, dilution with water, and neutralisation 
with ammonia; the precipitated product crystallised from alcohol in colourless needles, m. p. 
206° (Found: C, 76-0; H, 5-45; N, 11-5. C,;H,,ON, requires C, 76-15; H, 5-15; N, 11-85%). 
On addition of methyl sulphate (1-2 ml.) to a solution of this acetyl compound (3 g.) in nitro- 
benzene at 180°, the quaternary salt separated in light brown needles (3-7 g.), m. p. 215—220° 
(decomp.) (Found: N, 7:55; S, 9-25. C,,H,g0;N,S requires N, 7-75; S, 8-85%). 

5-Amino-10-methylphenanthridinium chloride, produced by hydrolysis of the foregoing salt 
by refluxing 5N-hydrochloric acid for 1 hour, cooling, and dilution with water, crystallised 
in orange needles, m. p. 233—234° (decomp.) (Found: C, 60-0; H, 6-05; N, 10-75; Cl, 13-8. 
C,,H,,N,Cl,1-5H,O requires C, 60-05; H, 6-2; N, 10-8; Cl, 13-7%). 

Oxidation of 4-Nitrophenanthridine.—The nitro-compound (1 g. ) was heated at 100° with an 
aqueous solution of potassium permanganate (8-5 g.) until the latter was all consumed. The 
filtrate was evaporated to small bulk and acidified. Phthalic acid crystallised in colourless 
plates, m. p. 205° (efferv.), from which the anhydride, m. p. 132°, was obtained by sublimation. 

1- and 3-Nitrophenanthridones.—Phenanthridone (5-5 g.) was nitrated by Moore and Hun- 
tress’s method (loc. cit.). The crude product was extracted by boiling alcohol (8 x 200 ml.), and 
the extract, on cooling, deposited 1-nitrophenanthridone (400 mg.), which crystallised from 
glacial acetic acid in deep yellow acicular prisms, m. p. 265—267°, alone or in admixture with 
the product obtained by oxidation of 9-methyl-l-nitrophenanthridine (Found: C, 64-95; 
H, 3-55; N, 11-0. Calc. forC,,H,O,N,: C, 65-0; H, 3-35; N, 11-65%). Thealcohol-insoluble 
material (4-5 g.) crystallised from a large volume of boiling pyridine in cream-coloured needles, 
m. p. 380—384° (decomp.) (after immersion in a bath at 370°) (Found: C, 65-35; H, 3-35; 
N, 11-5%). 

A solution of the brick-red product of oxidation of 9-methyl-3-nitrophenanthridine (1 g.) in 
pyridine (600 ml.) was percolated through a column of alumina, and eluted with pyridine until 
the eluate was no longer red. The pale yellow aluminium oxide was then removed from the 
column, and extracted with hot pyridine. On concentration of the extract and cooling, 3-nitro- 
phenanthridone crystallised, identical with the sparingly soluble nitration product. 

4-Nitrophenanthridone.—To a solution of 4-nitrophenanthridine (500 mg.) in hot 2N-sulphuric 
acid (10 ml.) was added potassium permanganate (1 g.), portionwise, as it reacted with effer- 
vescence. When all the permanganate had reacted, the precipitate of nitrophenanthridone and 
manganese dioxide was collected, washed with water, dried, and then extracted with boiling 
pyridine. Dilution of the extract with water precipitated 4-nitrophenanthridone (300 mg.), 
which crystallised from glacial acetic acid in almost white needles, m. p. 325—327° (Found : 
C, 65-25; H, 3-15; N, 11-85%). Alternatively, the reaction mixture could be warmed with 
2n-hydrochloric acid to remove manganese dioxide. 

5-Nitrophenanthridone.—(i) Oxidation of 5-nitrophenanthridine by potassium permanganate 
gave a product which crystallised from glacial acetic acid in buff-coloured prisms, m. p. 316— 
318° after earlier sintering (Found: C, 65-25; H, 3-3; N, 11-9%). 

(ii) For the nitration of phenanthraquinone Schmidt and Spoun’s method (Ber., 1922, 55, 
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1199) was used, the earlier method (Schmidt and Austin, Ber., 1903, 36, 3731) proving unsatis- 
factory. Sodium azide (2-6 g., 10 mols.) was added during 30 minutes with stirring to a solution 
of 4-nitrophenanthraquinone (1 g.) in concentrated sulphuric acid (10 ml.) at 10°. After 2 mols. 
of azide had been added the originally almost black solution had become colourless and the 
vigorous effervescence had subsided. After an hour, ice was added, and the white precipitate 
was collected and heated with water; the extract on cooling deposited white crystals of nitro- 
diphenamic acid I (800 mg.). The residue was then extracted with hot N-sodium hydroxide ; 
on acidification of the extract nitrodiphenamic acid II (150 mg.) separated. The residue 
(ca. 20 mg.) crystallised from glacial acetic acid in buff prisms, m. p. 311—315°, depressed by 
admixture with 4-nitrophenanthridone, but raised by 5-nitrophenanthridone. 

The nitrodiphenamic acids were purified by dissolving them in aqueous sodium carbonate 
(charcoal) and reprecipitation by acid. Nitrodiphenamic acid I crystallised from water, but 
tended to separate first as an oil; it formed clumps of white needles (possibly slightly con- 
taminated with II), m. p. 205—209° (Found: C, 58-6; H, 3-45; N, 10-0. C,,H,,O;N, requires 
C, 58-7; H, 3-55; N,9-8%). Nitrodiphenamic acid II was sparingly soluble in water; it formed 
glistening talc-like crystals, m. p. 219—221° (Found: C, 58-85; H, 3-5%). 

7-Nitrophenanthridone, obtained by oxidation of 7-nitrophenanthridine, formed bright 
yellow needles which melted over a range, ca. 285—305°. It was purified chromatographically 
in pyridine solution on alumina, impurities being strongly adsorbed. Concentration of the 
pyridine eluate caused yellow needles to separate, having m. p. 320—325°; recrystallisation 
from acetic acid gave a product, m. p. 324—326° (decomp.) (Found: C, 644; H, 3-1; 
N, 11-6. Cale. for C,;,H,O,N,: C, 65-0; H, 3-35; N, 11-65%). When the manganese dioxide 
was dissolved by hydrochloric acid extensive chlorination occurred; the product had m. p. ca. 
305° (Found: C, 57-35; H, 3-25; N, 9-85; Cl, 10-4. Calc. for C,,H,O,N,Cl: C, 56-8; H, 2-6; 
N, 10-2; Cl, 12-9%). 

4-A minophenanthridone.—(i) The nitro-compound (500 mg.) was suspended in ethanol 
(35 ml.) and reduced with hydrogen (10 atm.) in the presence of Adams’s catalyst (50 mg.) at 
room temperature. The amino-compound was present as a suspension, and sufficient boiling 
ethanol was added to dissolve it; after filtration from catalyst, concentration, and cooling, the 
amine crystallised in buff needles (250 mg.), m. p. 319—323° with blackening (Found: C, 74-1; 
H, 5-05; N, 13-25. C,,;H, ON, requires C, 74-2; H, 4:8; N, 13-3%). 

(ii) Fluorenone-4-carboxylic acid (3 g.) was dissolved in sulphuric acid (30 ml.), and the 
deep crimson solution was cooled and treated with sodium azide (1-5 g.) during 30 minutes. At 
the first additions vigorous effervescence occurred, and the colour of the solution was progressively 
discharged. After $ hour water was added, and the pale solid thus precipitated was collected and 
washed with water (3 g.). Extraction with warm N-sodium hydroxide left a solid residue (1-1 
g.), m. p. 295—305°, which was extracted with boiling sulphuric acid (400 ml.). On cooling, the 
sulphate crystallised in almost white needles (Found, for dried salt : C, 60-1; H, 4:1; N, 10-65; 
S, 6-2. C,,H,,N,0,0-5H,SO, requires C, 60-05; H, 4:25; N, 10-75; S, 615%). The base 
was liberated by heating the sulphate with dilute ammonia solution, and after crystallisation 
had the same m. p. and mixed m. p. as the product in (i). 

5-Aminophenanthridone was prepared from 5-nitrophenanthridone by method (i) and 
crystallised from pyridine in small buff prisms, m. p. 330—334° (with blackening), depressed by 
the product described in (ii) above (Found: C, 74:2; H, 4:7; N, 13-15. C,,;H,,ON, requires 
C, 74:2; H, 4:8; N, 13-3%). 


The authors thank Dr. L. G. Goodwin and his colleagues for biological data, Mr. P. R. W. 
Baker for microanalyses, and Messrs. W. E. King and R. A. Nightingale for technical assistance. 
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401. Thallium Tri-iodide and Related Compounds. 
By A. G. SHARPE. 


Thallium tri-iodide is conveniently prepared from thallous iodide, iodine, 
and hydriodic acid. The only intermediate phase in its thermal 
decomposition to thallous iodide and iodine is T1,I,; dissociation pressures 
of this substance and some polyiodides are shown to increase along the series 
TI,I,, CsI;, RbI;, TU, KI;. The standard free energy of T1I,~,,,), calculated 
from the data of Maitland and Abegg (Z. anorg. Chem., 1906, 49, 341), is 
— 40,340 cal., and the reactions of thallium tri-iodide with iodide and 
hydroxyl ions are discussed with reference to the thallous—thallic potentials. 


SINCE its first preparation by Nicklés (Compt. rend., 1864, 58, 537), who digested thallous 
iodide with an alcoholic solution of iodine and evaporated the mixture over sulphuric acid, 
the properties of thallium tri-iodide have excited occasional interest. Wells and Penfield 
(Z. anorg. Chem., 1894, 6, 312) showed it to be isomorphous with rubidium and cesium 
tri-iodides, and accordingly formulated it as thallous tri-iodide. Maitland and Abegg 
(tbid., 1906, 49, 341) showed that it yields complex iodides (e.g., KT1I,) with alkali-metal 
iodides, and described it as an example of inorganic tautomerism. Berry, Lowry, and 
Goldstein (J., 1928, 1748) found that its solution in methyl alcohol, which does not give 
the absorption spectrum of the I,~ ion, yields thallic oxide when shaken with sodium 
carbonate solution. This communication discusses the interpretation of these facts, 
describes a new preparation for the compound, and gives information about its thermal 
decomposition. 

The preparation from thallous iodide and iodine in methyl alcohol has the disadvantage 
that, owing to the low solubility of the iodide and of an intermediate iodide T1,I,, the 
composition of which has been confirmed, very long digestion is necessary for complete 
conversion into the tri-iodide. A more convenient method is evaporation at room 
temperature of the solution obtained by dissolving thallous iodide in a solution of iodine in 
hydriodic acid. The solution yields thallium tri-iodide and not the anhydrous acid HTII, 
on evaporation; the latter substance, like many other hypothetical complex halogeno- 
acids of formula HMX,, would involve a co-ordination number of five for the central atom 
or two for a halogen, or the presence (unlikely on energetic grounds) of a free proton. 

The key to the understanding of the solution chemistry of thallium tri-iodide and 
related compounds is the effect of complex-ion formation or precipitation of an extremely 
sparingly soluble substance on the redox potential of the thallous-thallic system. The 
standard potential of the thallous—thallic couple is given as —1-23 v in nitric acid (Noyes 
and Garner, J. Amer. Chem. Soc., 1936, 58, 1268), — 1-22 v in sulphuric acid (Partington and 
Stonehill, Trans. Faraday Soc., 1935, 31, 1365), or —1-25v at zero ionic strength in 
perchloric acid (Sherrill and Haas, J. Amer. Chem. Soc., 1936, 58, 952). In these solutions, 
therefore, iodine will not oxidise Tl* to Tl®*, since the iodide—iodine standard potential is 
only —0-53 v; the calculated values for AG° and K for the reaction 


7 4+-lemTh 48... we se 


are indeed, approximately +33,200 cal. and 10-**. In the presence of sufficient iodide 
ions, however, the reaction becomes 


TI) + I," (aq) — TIT g- (aq oe a ea Oe oe 


The standard free energies of T1I and I,~(aq) are computed by Latimer (‘‘ The Oxidation 
States of the Elements and their Potentials in Aqueous Solutions,’’ Prentice-Hall, New 
York, 1938) to be —29,976 and —12,290 cal. respectively. The free energy of T114~ (aq) is 
unknown, but may be estimated from the free energies of TI°*(q) and I~(.q) [+-49,750 and 
~12,330 cal. (Latimer, loc. cit.)] and the value of 1-95 x 10°° given by Maitland and Abegg 
(loc. cit.) for K for the reaction 


TE * aq) + 41 (aq) ——} TIL (aq) . . . . . . . (3) 
as —40,340 cal. This leads to values of AG° = +1920 cal. and K = 0-04 for reaction (2). 
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Since no correction has been made for finite ionic strengths or the addition of an excess of 
iodine in hydriodic acid, the calculated data are in satisfactory agreement with the 
observation that reaction (2) takes place. 

For the precipitation of thallic oxide from the tri-iodide and sodium carbonate solution 
detailed calculation is impossible because of the absence of data for the tri-iodide. The 
isomorphism of TI, and RbI, appears to establish the structure of the solid as thallous 
tri-iodide, but the absorption spectrum in methyl alcohol (which has been confirmed) 
shows that different ionic species are present in solution. 'We may, however, represent the 
overall change 

2T1I, + 60OH- = T1,0,+6I1-+3H,O ... . (4) 


as taking place in stages (5)—(8) : 
Tl, == Tl* + I,” eh 
I, + 20H- = OI + 21- + H,O 
Tl? + OH~ + OI- + H,O = TI(OH), + I- 
2TI(OH), == T1,04) + 3H,O 


Reaction (6) is known to take place spontaneously since potassium tri-iodide is decolorised 
by alkali. Thallic oxide forms no hydrate (Hiittig and Mytyzek, Z. anorg. Chem., 1930, 
192, 187) and is very sparingly soluble (2-5 x 107! g. per 1. at 25°). From the free-energy 
data assembled by Latimer (loc. cit.) AG° for reaction (7) is found to be approximately 
— 58,000 cal.; the great difference between this result and that for reaction (1) arises partly 
from the very low solubility of thallic oxide and partly from the increase in oxidising power 
when iodine is converted into hypoiodite. As is to be expected, it has been found that 
thallic oxide is quantitatively precipitated when iodine and alkali are added to a solution 
of a thallous salt. More familiar but similar examples of the effect of pH in oxidation- 
reduction processes are the reduction of oxygen by ferrous hydroxide and the oxidation of 
plumbous ions to the dioxide by alkaline hypochlorite but not by chlorine in acid solution. 

The formation of the sparingly soluble intermediate iodide Tl,I, may now be 
reconsidered. In reaction (1) the amount of iodide formed would not be enough to convert 
all of the thallium into the complex ion TII,~, but the formation of an insoluble substance 
containing some of the thallium in a complex ion corresponding to a higher oxidation state 
might well be thermodynamically possible. Measurement of the magnetic susceptibility 
of the iodide Tl,I, by Dr. R. S. Nyholm shows the compound to be diamagnetic, thus 
eliminating the possibility of Tl** or T1I,?~ ions in the structure. It is tentatively suggested 
that the intermediate iodide be formulated as T1,'Tl™I,, analogous to triplumbic tetroxide 
Pb," Pb!VO,, the structure of which has been elucidated by Gross (J. Amer. Chem. Soc., 
1941, 65, 1107), Straumanis (Z. physikal. Chem., 1942, 52, B, 127), and Bystrém and 
Westgren (Arkiv Kemi, Min., Geol., 1943, 16, B, No. 14). It is noteworthy that bromine 
water oxidises thallous bromide to the insoluble yellow dibromide T1,Br, in which the mean 
oxidation state of the thallium is higher than that in the intermediate iodide; this 
substance has long been formulated as T1,(T1Br,), but up to the present no structural 
investigation of any of the intermediate halides of thallium has been reported. 

X-Ray powder photography shows that in the thermal decomposition of the tri-iodide 
to thallous iodide and iodine the only intermediate phase produced is T1,I,; there is no 
evidence to suggest that the composition of either T1I, or Tl,I, is widely variable. The 
dissociation pressures of these substances and of the tri-iodides of potassium, rubidium, and 
cesium have been compared by a competition method in which, for example, thallous 
iodide and cesium iodide were allowed to compete for a quantity of iodine sufficient to 
convert only one of the monoiodides into a tri-iodide ; the order of the dissociation pressures 
is: Tl,I, < CsI, < RbI, < TI], < KI,. This property of solid thallium tri-iodide is 
approximately what would be expected from the similarity in unit-cell size of many rubidium 
and thallous compounds. 

EXPERIMENTAL 

Preparation of Thallium Tri-iodide.—Thallous iodide (6 g.) was dissolved in a solution of 
iodine (8 g.) in concentrated hydriodic acid, and the solution was evaporated to constant weight 
at room temperature in vacuo over silica gel. For analysis, a solution of the product in methyl 
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alcohol was shaken with aqueous sodium carbonate : the precipitated thallic oxide was dissolved 
in sulphuric acid, and after reduction by sulphur dioxide thallium was determined as chromate ; 
iodide in the filtrate was determined as silver iodide (Found: Tl, 34:5; I, 65-3. Cale. for 
T1I,: Tl, 35-0; I, 65-1%). 

Thermal Decomposition of Thallium Tri-iodide.—Decomposition at 60° in vacuo in a flask 
attached to a vacuum line was followed by weighing at intervals. Preparations of composition 
TI,.44, T1l,.2,, T1I,.73, and T1I,4, were thus obtained; their TII contents were checked by 
heating the materials to constant weight at 150°. The products were examined by X-ray 
powder photography, using CuK, radiation: TIlI,.., gave a strong pattern of TII, and a weak 
one of T1,I,; TII,.,; gave moderately strong patterns of both TII, and TI,I,; Tll,.,, and 
TII,.49 gave only the pattern of T1,I,; neither form of TII was found in any of the products. 
Failure to detect the tri-iodide in two of these products arises from the poorly crystalline nature 
of this substance; good photographs of even the alkali-metal tri-iodides are not obtained at 
room temperature. From the detection of the lower iodide at composition TII,.,, and the 
fact that no change in the spacings of the patterns of T1I, and T1,I, was detected, it is inferred 
that the compositions of these phases are not variable to any considerable extent. 

Properties of the Thallium Iodides.—Lowry and Gilbert (Nature, 1929, 123, 85) found the 
tri-iodide to be diamagnetic; the susceptibilities of TII, and Tl,I,, measured by 
Dr. R. S. Nyholm, are respectively —0-56 and —0-28 x 10-*c.g.s. units at 20°. The absorption 
spectrum of the tri-iodide in methanol was measured with a Beckman photo-electric 
absorptiometer : Max. at 392—394 and 251—252 mu; ¢ = 6480 and 15,250 respectively. The 
relative dissociation pressures of T1I, and CsI, were investigated as follows. Thallium tri-iodide 
(0-227 g.) and cesium iodide (0-252 g.) were weighed into flasks fitted one with a cone and one 
with a socket. The flasks were joined, heated to 200°, and allowed to cool extremely slowly 
during several days. The gain in weight of the cesium iodide (0-094 g.) was equal to the loss in 
weight of the thallium compound, and repetition of the heating and cooling procedure produced 
no change. From these results the calculated composition of the residue from thallium 
tri-iodide is TII,.,.; the dissociation pressures are thus: T1,I, < CsI, < TU,. The attainment 
of a true equilibrium in this experiment was confirmed by starting with thallous iodide and 
cesium tri-iodide: the thallous iodide was converted into TII,.53, i.e., Tl,I,. Similar 
competitions between all of the possible pairs of iodides established the order of dissociation 
pressures as that quoted above. 

The T1,I, used was obtained by Maitland and Abegg’s method (loc. cit.). Thallous iodide 
was determined by thermal decomposition at 100° and thallium as chromate (Found : TII, 88-6; 
TI, 54-5. Calc. for T1,I,: Tll, 88-9; Tl, 54-7%). 
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402. The Basicity of Hydrocarbons. Part I. Cryoscopy of Conjugated 
Hydrocarbon and Carbinol Solutes in Sulphuric Acid. 


By V. Gop, B. W. V. Hawes, and F. L. Tye. 


1:1-Diphenylethylene and 1-a-naphthyl-l-phenylethylene dissolve in 
100% sulphuric acid giving a freezing-point depression twice as great as 
that produced by an ideal inert solute, in agreement with the hypothesis 
that these hydrocarbons behave as simple Brénsted bases. 1: 1-Di- 
phenylethanol gives a four-fold freezing-point depression, showing its 
ionisation as a secondary base. Triphenylethylene and 3: 4-benzopyrene 
give rapidly time-variable depressions. 

The application of thermistor thermometry in cryoscopic work is 
discussed. 


THE attribution of basic properties to olefinic hydrocarbons has been a useful hypothesis 
in the explanation of acid-catalyzed hydrocarbons reactions. This idea, elaborated 
chiefly by Whitmore and his school (see, ¢.g., Whitmore, Ind. Eng. Chem., 1934, 26, 94; 
ibid., News Ed., 1948, 26, 669; Schmerling and Ipatieff, ‘‘ Advances in Catalysis,’’ Vol. II, 
New York, 1950), has been particularly fruitful in the field of olefin polymerization. 
Carbonium ions are thought to be intermediates in numerous reactions of organic chemistry 
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and most of these can also be regarded as the conjugate acids (in the Brénsted—Lowry 
sense) of olefins; e.g., the trimethylcarbonium ion (éert.-butyl cation) * is the conjugate 
acid of isobutylene. 

The extension of this idea to the preparation of stable solutions of these conjugate acids 
and their characterization by some definite physical property has not been equally 
attractive, probably for the following reasons. First, the isolation of what are though to 
be reactive intermediates would not appear to be promising and, secondly, it is a wide- 
spread notion that hydrocarbons will not dissolve in strong acids, except when dissolution 
is accompanied by some permanent chemical change in the compound (such as 
sulphonation) ; e.g., Sidgwick (‘‘ The Chemical Elements and Their Compounds,”’ Oxford, 
1950, p. 913) remarks that sulphuric acid “‘. . . will not dissolve . . . . aromatic and 
aliphatic hydrocarbons and their halides.’’ This generalization is contradicted by only a 
few isolated examples in the literature and the evidence was perhaps thought to be capable 
of an alternative interpretation. In particular, perylene (Scholl, Seer, and Weitzenbéck, 
Ber., 1910, 43, 2202), anthracene (Lewis and Kasha, J. Amer. Chem. Soc., 1944, 66, 2115), 
and 3: 4-benzopyrene (Berenblum, Nature, 1945, 156, 601) have been reported to dissolve 
without change in sulphuric acid. There are also observations on the solubility of aromatic 
hydrocarbons in hydrogen fluoride (Klatt, Z. anorg. Chem., 1937, 234, 189) and of the 
azulenes in various aqueous mineral acids (Sherndal, J. Amer. Chem. Soc., 1915, 37, 167, 
1537; Plattner, Heilbronner, and Weber, Helv. Chim. Acta, 1949, 32, 574). 

It is the object of the present work to introduce a more quantitative examination of 
the basicity of hydrocarbons. In this paper cryoscopic measurements of hydrocarbon 
solutes in sulphuric acid are reported as evidence for the nature of the ionization. In 
Part II the ultra-violet absorption spectra of several of the conjugate acids are recorded, 
giving further evidence for the occurrence of basic ionization and permitting certain 
deductions about the structure of the conjugate acid. Part III relates to partition 
experiments with three hydrocarbons from which an order-of-magnitude assessment of 
their basicity constants is possible. In Part IV a theoretical discussion of basicity in 
conjugated hydrocarbons is given on the basis of simple molecular-orbital calculations. 

In the search for suitable hydrocarbons, many were examined but only a few were 
satisfactory for our purpose. In many cases irreversible changes of some kind or other 
supervene, as is to be expected when a reaction medium of high chemical reactivity in 
several respects is used. Unfortunately, present techniques restrict cryoscopic measure- 
ments in strong acids to 100%, sulphuric acid—and possibly methanesulphonic acid (Craig, 
Garrett, and Newman, J]. Amer. Chem. Soc., 1950, 72, 163)—as solvent. The occurrence 
of sulphonation was suspected in several cases from the detection of water-soluble products. 
Polymerization, esterification, and oxidation are other possible reactions. These 
complications were examined only insofar as was necessary to restrict or to correct for 
their occurrence; they have not as yet been studied in detail and for their own sake. 


EXPERIMENTAL 


Materials.—Sulphuric acid (100%) was prepared by dilution of SO,-free oleum with 98% 
acid (J., 1951, 2102). 

1 : 1-Diphenylethylene and 1 : 1-diphenylethanol were prepared by Grignard reaction from 
bromobenzene and acetophenone (Org. Synth., Coll. Vol. I, 2nd Edn., p. 226). The hydrocarbon 
was purified by distillation under reduced pressure (b. p. 125°/5 mm.) before use; the carbinol 
was crystallized from light petroleum. 

1-«-Naphthyl-l-phenylethylene was prepared by an adaptation of the above method, 
a-bromonaphthalene and acetophenone being used as starting materials. 

Triphenylethylene (Org. Synth., Coll. Vol. II, p. 606) and anthracene were purified synthetic 
specimens. 

Tetraphenylethylene was prepared by reduction from benzophenone via benzpinacol and 
benzpinacolone (op. cit., p. 73; Bachmann, J]. Amer. Chem. Soc., 1934, 56, 449). The compound 
is efficiently purified by extraction of impurities with concentrated sulphuric acid from an ice- 


* The nomenclature for carbonium ions used here is an adaptation of the carbinol convention, e.g., 
the ion derived from trimethylcarbinol by loss of a hydroxide ion is termed the trimethylcarbonium ion. 
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cold solution in benzene until the acid layer no longer develops a violet colour; it was crystallized 
from benzene-ethanol. 

A purified specimen of 3:4-benzopyrene (200 mg.) was generously given to us by 
Dr. R. Schoental. 

Apparatus and Procedure.—The design and operation of the ordinary cryoscope were based 
on descriptions of previous work (Hammett and Deyrup, J. Amer. Chem. Soc., 1933, 55, 1900; 
Treffers and Hammett, ibid., 1937, 59, 1788; Gillespie, Thesis, London, 1949; Gillespie, Hughes, 
and Ingold, J., 1950, 2473). The recommended precautions of these authors were followed in 
all essential details. 

We have modified the method by employing a thermistor, Type 2311/300, supplied by the 
Standard Telephone Company, as thermometer device. The resistance of the thermistor 
(2500 wm approx.) was measured by means of a Wheatstone bridge which was sensitive to 
differences of 0-1 ohm, corresponding to temperature differences of 0-001° approx. The 
thermistor was calibrated against a standard thermometer (accuracy of N.P.L. calibration 
+0-02°) by taking simultaneous readings of the temperature (¢) of a bath and of the 
corresponding resistance (R,) of an immersed thermistor at 0-1° intervals in the range 
6-5—11-5°. The results were fitted to an empirical equation log R, = mi + c (m and c being 
constants) which was found to be closely obeyed over the short temperature range studied. The 
use of the theoretically more accurate relation log R =m’/T + c’ is excessively laborious. 
The following points concerning thermistor thermometry need emphasizing. Whereas, in 
platinum-resistance thermometers the temperature rise caused by the measuring current in the 
instrument is very small, yet it can be seen from the maker’s specifications that this is not true 
with this type of thermistor if a 2-v accumulator as source of e.m.f. and a Wheatstone bridge of 
approximately equal arms are used. It follows that the resistance observed will depend on the 
rate of dissipation of the thermal energy generated, i.e., on the medium surrounding the 
resistance element. The difficulty seems to be eliminated by surrounding the thermistor with 
a thin glass sheath fitted with spacers to hold the thermistor in position and filled with mercury. 
Although it greatly increases the heat capacity of the thermometer, this sheath should be 
employed when the thermistor calibration and measurements with it relate to different media. 
A reliably steady source of e.m.f. and a constant setting of the bridge ratio arms must be used. 
By using this procedure the temperature of the thermistor tip will not be the same as that of 
the calibration thermometer but slightly higher. However, this is immaterial if the same 
conditions obtain during calibration and use of the thermistor. All these difficulties could 
alternatively be overcome by the use of a minute measuring current. 

The calibration has to be repeated periodically, since thermistors appear to age. 
is not so serious if small temperature differences only are measured. 
the value of c; mis not so markedly affected. 
of this type. 


The effect 
The ageing alters mainly 
This behaviour was found with seven thermistors 


A cryoscope of normal size (capacity, 50 ml. approx.) was used for all material available in 
reasonable amount. Some of the results are given in Tables 1 and 2 and Figs. 1 and 2). For 
the measurements on 3: 4-benzopyrene a micro-modification of the apparatus was constructed 
(Fig. 3) with which it was possible to measure freezing-point depressions on as little as 1-5 ml. of 
solution and of the order of 5 mg. of solute. The general technique of measurement, bridge 
assembly, and calibration were the same as before, but certain new features accompanied the 
reduction in scale. Absorption of moisture from the atmosphere during the introduction of the 
solute became appreciable. The depression caused by opening the apparatus to the atmosphere 
for a definite time was noted and a proportionate correction applied for each addition of solute 
according to the time required for the operation. 

The inducement of seeding by touching the inner container with a piece of solid carbon 
dioxide caused a considerable reduction in the temperature of the solvent before crystallisation 
occurred. Thus the temperature had to be followed throughout the seeding process and the 
lowest temperature recorded was taken as the super-cooling temperature (7,). It follows from 
thermodynamic considerations (Gillespie, Hughes, and Ingold, loc. cit.) that the supercooling 
correction (87) is given by 

ee | a a a a a a es | 


where C is the thermal capacity of the cryoscope and contents, 6 the observed depression from 
the freezing point of the pure solvent, S the amount of supercooling, m, the number of moles of 
solvent in the solution, and AH/ the molar heat of fusion of the solvent. For an apparatus of 


ordinary scale, C depends almost entirely upon the solvent present in the cryoscope and may be 
6Z 
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replaced by n,C,y, where C, is the molar heat capacity of the solvent. With this substitution 
equation (1) reduces to the usual relation 


8T = (C,/AHS0S 


where the ratio C,/AH/ has the value 0-012 deg.-! for sulphuric acid (Gillespie, Hughes, and 
Ingold, Joc. cit.). For the micro-apparatus this substitution is not permissible since the heat 
capacity of the cryoscope itself (C,) makes an important contribution to C, i.e., 


C = Cyn, + Cy or 8T = (Cy/AHS + 0-12)0S 


Owing to the rapid temperature change during seeding, Cy may not be the true heat capacity of 
the cryoscope but may contain heat-transfer terms. Its direct experimental determination 


TABLE 1. 
F. p. depn., 
Molality obs. 


s 


S 6 
1 : 1-Diphenylethylene. 

2-05° 0-47° 0-012° 
0-57 0-010 
0-68 0-017 
0-48 0-013 
0-54 0-014 
0-63 0-015 

: 1-Diphenylethanol. 

— . 2-33 0-013 
0-0048 0-113 , 1-72 “5S 0-012 
0-0096 0-241 “46 2-25 “72 0-019 
0-0140 0-325 ° 1-11 : 0-011 
0-0189 0-422 . 1-96 ’ 0-021 

* Correction for incomplete suppression of self-dissociation of sulphuric acid (computed from 
values of constants given by Gillespie, /., 1950, 2493, 2516). 


0-0080 
0-0170 


0-0039 
0-0126 
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TABLE 2. Time variation of freezing-point depression by 1-a«-naphthyl-1-phenylethylene 
(0-0090 molal). 
F. p. depn., ws ae 

S T corr.* Factor 
2-41 ‘ — 
2-30 “45 . 0-149° 
2-40 -4E 5 0-186 
2-18 ; 0-207 
2-62 0-230 
1-95 f “012 0-236 
2-91 . 03 0-336 


* Owing to the uncertainty of the nature of the secondary process the correction AT has not been 
applied in this case. Fora 0-0090-molal solution of a simple base this correction would amount to 
—0-007° (increasing the magnitude of the freezing-point depression). A correction of this order of 
magnitude does not affect our conclusions. 
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or theoretical evaluation was therefore not considered to be promising and its value was obtained 
empirically by carrying out measurements on a solute of known freezing-point depression 
(potassium sulphate). 

DISCUSSION 


1 : 1-Diphenylethylene gives a two-fold freezing-point depression in sulphuric acid and 
1: 1-diphenylethanol a four-fold one. The simplest explanation compatible with these 
findings is that diphenylethylene ionizes as a simple base 


Ph,C:CH, + H,SO,—-> Ph,MeC* + HSO,- 
and the carbinol as a secondary base (Gold and Hawes, J., 1951, 2102) 
Ph,CMe-OH + 2H,SO,-—» Ph,MeC* + H,O* + 2HSO,- 


The cryoscopic data do not, of course, furnish information about the structure of the 
carbonium ion in solution; this will be discussed on the basis of more relevant experimental 
data in Part II. The above formulation of the ion anticipates the result of this discussion. 
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A. G. Evans (J. Appl. Chem., 1951, 1, 240) has recently published the results of similar 
experiments on 1 : l-diphenylethylene and has come to the same conclusion. His results 
were, however, calculated on the basis of obsolete cryoscopic constants for sulphuric acid, 
and their recalculation by using the most reliable value of the cryoscopic constant 
available, viz., 5-98 moles deg. (Gillespie, Hughes, and Ingold, Joc. cit.), leads to a value of 


Fic. 1. Freezing-point depressions of 1: 1- Fic. 3. 
diphenylethylene and 1 : 1-diphenylethanol a. Solenoid. 
fo: Senate ane. , Magnetically operated stirrer. 


ine , ' ° . , B.14 standard cone and socket. 


, Mercury. 
@ CH,-CPh2OH , Thermistor. 
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, Atr jacket. 
h, Sulphuric acid. 
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~2-6 for the t-factor. Our results are therefore not in very good agreement and we are 
uncertain about the cause of this. 

The result for 1-a-naphthyl-1-phenylethylene appears less simple than that for 1 : 1-di- 
phenylethylene since the freezing-point depression is found to show a progressive increase 
with time (Fig. 2). Extrapolation of the curve back to zero time makes it very probable 
that the initial value of the i-factor is 2, as in the case of 1: 1-diphenylethylene. The 
high values obtained after longer time intervals are consistent with the occurrence of 
sulphonation. 

Triphenylethylene and 3: 4-benzopyrene also gave i-values greater than 2, but the 
time variation was rather too rapid for a reliable back-extrapolation to zero time. In 
five experiments with 3: 4-benzopyrene the first freezing point, taken 15—20 minutes 
after introduction of the solute, corresponded to an i-value of 3-7 + 0-2, and extrapolation 
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to zero time led to a value of 3-5 approx. The precise significance of this result is not 
readily obvious, but it is likely that rapid sulphonation occurs in 100°% sulphuric acid at 
~15°. This may not occur so readily during the extraction of the hydrocarbon with 
98% acid at a lower temperature (cf. Berenblum, Joc. cit.). 

Stilbene and tetraphenylethylene were insoluble in sulphuric acid. 
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403. The Basicity of Hydrocarbons. Part II.* Ultra-violet Absorption 
Spectra of Conjugated Hydrocarbons in Sulphuric Acid Solution. 


By V. Gop and F. L. Tye. 


The ultra-violet absorption spectra of the conjugate acids of 1 : 1-diphenyl- 
ethylene, triphenylethylene, anthracene, and 1-«-naphthyl-1-phenylethylene 
have been obtained from measurements on the hydrocarbons in sulphuric acid 
solution. The spectra are very different from those of the parent hydrocarbons 
but show certain similarities among themselves, and it is concluded that proton 
addition to the first three compunds mentioned occurs in such a way that the 
conjugate acids possess substituted diphenylcarbonium-ion structures. 

It is shown that the hydrocarbon base is re-formed when the acidity of the 
medium is reduced. 

Some light-absorption measurements on acid solutions of 3 : 4-benzopyrene 
are also reported. 


Most organic bases have been found to have ultra-violet absorption spectra which are very 
different from those of their conjugate acids and this has been extensively utilized in colori- 
metric and spectrophotometric determinations of dissociation constants. It would 
similarly be expected that the conjugate acid of a hydrocarbon—whatever its structure— 
would have a light absorption which is detectably different from that of the hydrocarbon 
itself. Colour reactions of conjugated hydrocarbons with sulphuric acid are well known 
and have been used to characterize the compounds (see, e.g., Pfeiffer, ‘‘ Organische Mole- 
kiilverbindungen,’’ 2nd edn., Stuttgart, 1927, p. 205; Clar, ‘‘ Aromatische Kohlenwasser- 
stoffe,’’ Berlin, 1941; Kuhn and Winterstein, Helv. Chim. Acta, 1928, 11, 451; Radulescu, 
Ber., 1931, 64, 2243). However, these colour formations are usually associated with 
irreversible changes and the hydrocarbon cannot be recovered from the acid solution by 
dilution. 

We have examined the absorption spectra of the acid solutions of those hydrocarbons 
which, on the basis of cryoscopic work (Part I *), are believed to accept a proton in 100% 
sulphuric acid. In agreement with this view, the spectra were found to be quite different 
from those of the hydrocarbon bases in less acidic solvents in a manner which cannot be 
attributed simply to a “‘ solvent effect '’ on the electronic transition. Solvent effects on the 
absorption spectra of organic bases in acid solvents have been examined by several workers 
with the conclusion that a slight wave-length displacement of the spectrum may occur but 
that the shape and intensity of the absorption curve are not detectably altered (Flexser, 
Hammett, and Dingwall, J. Amer. Chem. Soc., 1935, 57, 2103; Brand, J., 1950, 997). 
Moreover, some of the spectra of the acid solutions show certain striking similarities among 
themselves (although those of the hydrocarbons in non-acidic solvents do not) and we 
believe that this permits conclusions to be drawn about the position of proton attachment 
in the conjugated hydrocarbon. 

It was hoped to apply the difference of the absorption spectra to a determination of the 
basicity constants of the hydrocarbons, by examining the spectra of hydrocarbons in sul- 
phuric acid—acetic acid mixtures of different acidities, following the method of Flexser, Ham- 
mett, and Dingwall ((Joc. cit.). However, it was found that, whereas the hydrocarbons are 
soluble in acetic acid, giving the spectrum of the base, and soluble in sulphuric acid, giving 


* Part I, preceding paper. 
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the spectrum of the conjugate acid, the solubilities are too low in mixtures of these solvents 
which are not sufficiently acidic to convert all the solute into its conjugate acid form but 


contain too much sulphuric acid—a very poor solvent for un-ionized hydrocarbons—to 
dissolve the base form. 


EXPERIMENTAL 


Materials.—The preparation of 100% sulphuric acid and of the conjugated hydrocarbons 
examined has been described in Part I. The “ concentrated ”’ sulphuric acid used was 98% 
« AnalaR ”’ acid. 

The cyclohexane used in those experiments in which it did not come into contact with 
sulphuric acid was a B.D.H. ‘‘ Spectroscopic ’”’ sample; for the other experiments it was puri- 
fied by successively shaking it for 24 hours each with oleum (15% free SO,), concentrated 
sulphuric acid, sodium hydroxide solution (10%), and 1N-potassium permanganate solution first 
in 10% sodium hydroxide solution and then in 10% sulphuric acid solution. Between and after 
these extractions it was repeatedly washed with water and finally dried (CaCl,), distilled, and 
again dried (Na wire). 

Spectroscopic Measurements.—Many of the absorption spectra of the acidic solutions examined 
varied with time owing to occurrence of irreversible chemical changes. In these cases the 
spectrum of the initial solution was obtained by the following procedure. As soon as possible 
after preparation of the solution the light absorption was recorded photographically, a Hilger 
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Fic. 1. Illustration of extrapolation 
method for obtaining initial spectra 
of solutes in sulphuric acid. 
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a, Triphenylethylene, \ 3100 A. 
b, 3: 4-Benzopyrene, A 3960 A. 
c, 1-a-Naphthyl-1-phenylethylene, 39 
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medium quartz spectrograph being used in conjunction with a Spekker photometer and an iron- 
spark source. From the plate obtained, 15—20 characteristic wave-lengths of the spectrum 
were selected, such as positions of maxima, minima, and points of inflection. The solution was 
then prepared again (zero time) and the optical densities at the selected wave-lengths recorded 
by use of a Hilger Uvispek Spectrophotometer, together with the time at which each measure- 
ment was made. When all the optical densities had been measured once, they were determined 
a second time and so on until it was possible, at every selected wave-length, to draw a smooth 
curve connecting optical density with time. The curves were extrapolated to zero time to ob- 
tain points on the initial spectrum. The whole process was repeated for other wave-lengths 
until there were sufficient data to draw the detailed absorption curve at zero time, or, by inter- 
polating between readings, after various definite time intervals after zero time. Usually about 
30 such extrapolations were carried out for each spectrum in sulphuric acid. The extrapolation 
procedure is illustrated by a few examples in Fig. 1. The absorption spectra of stable solutions 
were directly measured with the ‘‘ Uvispek’’ spectrophotometer. In some of the cases (tri- 
phenylethylene and anthracene) the dissolution of solid hydrocarbon is inconveniently slow 
compared with the speed of the secondary reaction., To overcome this difficulty, these hydro- 
carbons were first dissolved in 0-5 ml. of cyclohexane, and then 100 ml. of concentrated sulphuric 
acid were added. The partitioning of the solute takes place very rapidly under these conditions 
and the amount of hydrocarbon remaining in the cyclohexane layer is negligible. In some cases 
the solution in sulphuric acid was made by dilution of a more concentrated solution in acetic acid 
with sulphuric acid. 

Dilution Experiments.—In order to test the reversibility of the primary change undergone 
by the hydrocarbon in solution in sulphuric acid, the acidity of the solution was reduced by one 
of two methods, and the spectrum of the resulting species measured. In the first procedure (A) 
5 ml. of the solution of the hydrocarbon in sulphuric acid were added dropwise and with shaking 
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to approx. 95 ml. of acetic acid.* The second method (B) was to add 5 ml. of the acidic solution 
to 250 ml. of water and 100 ml. of cyclohexane and then to shake the two layers. The recovered 
hydrocarbon was extracted into the cyclohexane layer. 

Results.—1 : 1-Diphenylethylene gives a stable absorption curve in concentrated sulphuric 
acid which is the same whether the solution is prepared by dissolving the hydrocarbon in sul- 
phuric acid or by diluting a concentrated stock solution in acetic acid with concentrated sul- 
phuric acid. The spectrum is quite different from that in the non-acidic solvents cyclohexane 
and acetic acid. Dilution of the yellow acidic solution by either procedure (A) or (B) caused the 
disappearance of the characteristic bands of the conjugate acid form. The spectra of the dilute 


Fic.2. Absorption spectra of 1: 1-diphenylethylene. Fic. 3. Absorption spectrum of 1 : 1-diphenyl- 
ethanol, etc., in sulphuric acid. 
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colourless solutions showed certain small discrepancies from those of the hydrocarbon dissolved 
directly in the non-acidic solvent (Fig. 2). These may perhaps be attributed to a partial di- 
merization or further polymerization which may occur in solutions of intermediate acidity 
formed during the slow dilution when both the species Ph,C:CH, and Ph,MeC* are present, i.e., 


Ph,C:CH, + Ph,MeC* —-> *CPh,*CH,*CPh,Me —> Ph,C:CH-CPh,Me + H* 


This reaction does not take place in concentrated sulphuric acid where only the conjugate acid 
form of the hydrocarbon is stable (cf. Schlenk and Bergmann, Annalen, 1928, 463, 239; Lebedev, 
Andreeskii, and Matruskina, Ber., 1923, 56, 2349). 

The spectrum of 1 : 1-diphenylethanol in sulphuric acid was almost identical with that of 
1: 1-diphenylethylene. There is an intensity discrepancy below 3000 A but this is probably due 


* Acetic acid is too weakly acidic to convert the hydrocarbons studied here into their conjugate 
acids, and may be regarded in this connection as a non-acidic solvent. 
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to the presence in the olefin of a small amount of impurity with an absorption maximum in this 
region, since the discrepancy could be reduced by redistilling the olefin. However, the last 
traces of impurity seem to be difficult to remove, whereas the solid carbinol may be purified more 
readily (Fig. 3). 

The absorption spectrum of | : l-diphenylethylene in concentrated sulphuric acid recently 
reported by A. G. Evans (J. Appl. Chem., 1951, 1, 240) agrees with ours in the position of the 
maxima but differs in the intensities in the region of low absorption, particularly below 3000 A, 
The intensities recorded by Evans in this region are considerably higher than ours, and we would 
hazard the guess that this may be due to the presence of the same impurity which causes the 
discrepancy between our 1 : 1-diphenylethylene and 1 : 1-diphenylethanol. 

Solutions of l-«-naphthyl-l-phenylethylene in sulphuric acid and in non-acidic solvents also 
had totally different absorption spectra. In the acidic solutions a slow irreversible reaction 
occurred (Fig. 4). Since the changing spectra pass through an isosbestic point, this reaction is 
probably a simple one of the type A——> B. Dilution experiments by method (B) restored the 
light absorption to that characteristic of the olefin in non-acidic solvents. The amounts of 
olefin which could be recovered by this procedure after certain lengths of time, as estimated from 
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the absorption spectra of the cyclohexane layers, were compared with the amount of primary 
solute remaining in the sulphuric acid solution, as estimated from the curves in Fig. 4. It was 
found that the two sets of values agreed closely (see Table) and it follows that the total amount of 
olefin present in sulphuric acid in the form of its conjugate acid was recovered by dilution. The 
complication of dimerization or polymerization encountered in the dilution experiments with 
1: 1-diphenylethylene therefore did not arise in this case. The following facts have a bearing 
on deciding the probable fate of the irrecoverable secondary reaction product. The absorption 





% Absorbing species % Hydrocarbon recover- 
Expt. Hydrocarbon Time (min.) remaining in solution able by dilution 


a-C,,H 11 97 95 

0 Neccn, 83 77 77 

Ph 1440 8 8 

Ph,C:CHPh 10 92 79 

li 34 34 
spectrum of the secondary product must approximate to curve d in Fig. 4, which is similar to 
that of the olefin in cyclohexane. This spectrum did not occur superimposed in the spectrum of 
the 8% extracted olefin in dilution experiment 3 (see Table), which shows that the secondary 
product is much more soluble in water than in cyclohexane. These observations point to the 
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occurrence of monosulphonation as the secondary reaction. By analogy with the case of a- 
phenylnaphthalene, sulphonation is expected to occur in the 4-position of the naphthyl group 
(Braun and Anton, Ber., 1934, 67, 1051), although our data furnish no evidence on this and do 
not exclude the formation of a mixture of isomeric monosulphonic acids. This interpretation 
need not conflict with the cryoscopic observation (preceding paper) that the i-factor for this 
compound rises above the value of 3 which corresponds to monosulphonation, since further sul- 
phonation may occur in the more concentrated medium to which the cryoscopic measurements 
refer. 


Fic. 5a. Absorption spectra of triphenylethylene. Fic. 5b. Absorption spectra of triphenylethylene’ 
45 
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dilution (B) after 10 min. in concentrated sul- c, after 20 hours. 
phuric acid; Expt. 4). 





The solutions of a crude specimen of methyl-«-naphthylphenylcarbinol in concentrated sul- 
phuric acid showed the same purple colour as the solution of the olefin in the same solvent, 
with main absorption maxima at 3620 and 5500 A, in addition to some less intense bands 
which were ascribable to impurities. 

The absorption spectrum of triphenylethylene in sulphuric acid (Fig. 5b) was even more 
rapidly variable with time than that of 1l-«-naphthyl-l-phenylethylene. The decrease of the 
typical absorption bands was again compared with the olefin recovery attainable by procedure 
(B), the somewhat poorer agreement in this case being probably due to the greater speed of the 
secondary reaction (see Table). The existence of the isosbestic point in the family of curves again 
points to the occurrence of a single reaction. After more than 20 hours, dilution procedure (B) 
showed no extraction of absorbing species by cyclohexane. The secondary reaction product was 
therefore probably again a monosulphonic acid or a mixture of several isomers. 
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The spectra of triphenylethylene in acidic and non-acidic solvents and the spectrum of the 
product recovered by dilution procedure (B) after 10 minutes in concentrated sulphuric acid are 
shown in Fig. 5a. 

Anthracene can be extracted from cyclohexane solution by 98% sulphuric acid to give a 
yellow solution. Dissolution of the solid itself in sulphuric acid is slow and less clean. The 
absorption spectrum was again time-variable (and the recorded intensities are therefore probably 
not precise), but dilution procedure (B) carried out 10 minutes after the hydrocarbon had been 
dissolved in the acid led to 90% recovery of anthracene (Fig. 6). 


Fic. 6. Anthracene. 
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Fic. 7. Diphenylmethanol. 
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The absorption spectrum of diphenylmethanol in concentrated sulphuric acid (extrapolated 
to zero time) is shown in Fig. 7. 

3 : 4-Benzopyrene and its solutions were stored and handled in the dark or by the light of a 
red safety lamp to avoid possible complications through photo-oxidation. The variation of the 
absorption spectrum with time was followed for both 98% and 100% sulphuric acid. The 
light-absorption curve obtained by extrapolation back to zero-time was different from the 
spectrum of the hydrocarbon in non-acidic solvents (Fig. 8a). Dilution by procedure (A) from 
acidic solutions, kept at 0° to retard the secondary change, led to substantial recovery of the 
hydrocarbon. Such differences as were found between the absorption spectrum in acetic acid 
and that obtained after dilution with acetic acid increased both with the time of storage before 
dilution and with the concentration of the acid from which the dilution was made. The fluores- 
cence colour of 3: 4-benzopyrene solutions is blue in acetic acid, yellow-green in sulphuric acid, 
and is restored to blue by dilution method (A). 
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DISCUSSION 


The results just presented show that the solutions in sulphuric acid of several conjugated 
hydrocarbons have absorption spectra which are very different from those of the hydro- 
carbons in non-acidic solvents, and that the original compounds can be recovered from the 
solutions by reducing their acidity. In conjunction with the cryoscopic measurements on 
two of the compounds (1 : 1-diphenylethylene and 1-«-naphthyl-l-phenylethylene, preced- 
ing paper) this constitutes strong evidence that we are in all these cases dealing with a 
simple acid-base equilibrium, the hydrocarbon accepting a proton from the acid solvent 


Fic. 8a. 3: 4-Benzopyrene. Fic. 8b. 3: 4-Benzopyrene in sulphuric acid. 





' i] ! ! qT t 














" ! r j r - 
4400 








3600 : 
Wave -/ength, A Wave-/ength, A 


a Inaceticacid. b, In acetic acid [dilution (B) after a, In 98% acid (zero-time extrapolation). b, In 
12:5 min. in ice-cold 100% sulphuric acid). 98% acid (after 210 min.). c, In 100% acid 
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ice-cold 98% sulphuric acid). d, In 98% sul- min.). 
phuric acid (zero-time extrapolation). 


to go over into the conjugate acid cation. The absorption spectra of the solutions in sul- 
phuric acid (if appropriately extrapolated to zero time where necessary) are therefore those 
of the conjugate acids. 

In the case of anthracene the number of primary solute particles present in sulphuric 
acid solution could not be established by cryoscopy, and therefore we must briefly consider 
whether other rapid and reversible reactions could afford an explanation of the spectra. 
In particular, sulphonation has in some cases been reported to be reversible by treatment 
of the sulphonic acid with dilute sulphuric acid, 7.e., under conditions similar to those under 
which our dilution experiments (procedure B) were shown to lead to the recovery of 
anthracene (cf. Minaev and Fedorov, J. Russ. Phys. Chem. Soc., 1929, 61, 143; Berkenheim 
and Snamenskaya, J. Gen. Chem. U.S.S.R., 1934, 4, 31; Marschalk, Bull. Soc. chim., 1935, 
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2, 1809). However, an explanation based on sulphonation and its reversal is unlikely, 
since absorption spectra of sulphonic acids have been reported to be similar to those of the 
parent hydrocarbons and this is not true in our case. There is, furthermore, a suggestive 
similarity between the spectrum of anthracene in concentrated sulphuric acid and those of 
1 : 1-diphenylethylene and triphenylethylene (Fig. 9). 

This similarity of the absorption spectra is a striking feature of this work and points 
to a similarity of the three conjugate acid cations, formed from the hydrocarbons. Since 
light absorption in the near ultra-violet and the visible region of the spectrum is associated 
with electronic transitions within the x-electron shell of the molecule, it is suggested that 
the conjugated system present in these three species is the same, a requirement which may 
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Fic.9. Absorption spectra in concentrated 
sulphuric acid. 
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be satisfied if the proton attachment occurs so as to form in each case the conjugated 
system of a substituted diphenylcarbonium ion, viz. 


-~“HH™ 

In each case the extent of the largest conjugated system in the ion is shown by the broken 
line. In Part IV it will be shown that theoretical considerations would, in fact, lead us 
to predict the proton attachment to occur in these positions, provided we start with the 
assumption that the added proton is held to a certain carbon atom and not to a bond or 
molecular x-electron cloud as envisaged by Dewar (“ The Electronic Theory of Organic 
Chemistry,’’ Oxford, 1949). 

It would be expected that the diphenylcarbonium ion, formed from the ionization of 





2180 The Basicity of Hydrocarbons. Part II. 


diphenylmethanol as a secondary base in sulphuric acid (Welch and Smith, J. Amer. Chem. 
Soc., 1950, 72, 4748) : 
Ph,CH-OH + 2H,SO,——» Ph,HC* + H,O° + 2HSO,” 

should have the same conjugated system as the above ions and therefore a similar absorption 
spectrum. This prediction is largely substantiated (Fig. 7). The differences that exist 
between the various spectra of what are believed to be substituted and unsubstituted di- 
phenylcarbonium ions do not seem to be greater than one would expect from the substitu- 
tions. The chief variation that occurs is in the intensity of the second absorption band. 
Since this band is considerably weaker than the first one in all the spectra examined, it may 
probably be ascribed to a forbidden transition, and the variations in intensity with different 
substituents may perhaps be associated with a varying degree of breakdown of a selection 
rule depending, for instance, on the extent to which the benzene rings are tilted with respect 
to the plane of the carbonium ion valencies. Thus the transition may be more forbidden 
in Ph,HC* than in *CPh,°CH,Ph or Ph,MeC* where coplanarity may be more difficult to 
achieve. 

The absorption spectrum of the conjugate acid of l-«-naphthyl-l-phenylethylene is 
similar to those of the diphenylcarbonium ions except that the spectrum has been shifted 
towards the red, as is usual when a phenyl] group is replaced by an «-naphthyl group. 

It has been pointed out (A. G. Evans, loc. cit.) that the spectrum of triphenylmethanol 
in sulphuric acid resembles that of 1 : 1-diphenylethylene in the same solvent. In par- 
ticular, the double-peaked first absorption band of the triphenylcarbonium ion—although 
it is much broader—also occurs around 2 4200 A. However, we do not believe that this 
has any simple explanation, since the conjugation in the triphenylcarbonium ion is dimin- 
ished by the difficulty or impossibility of forming a coplanar structure (cf. Szwarc, Dis- 
cuss. Faraday Soc., 1947, 2, 42). 

Although it is possible to explain the similarity between the absorption spectra of differ- 
ent hydrocarbons in sulphuric acid by the hypothesis that proton attachment to a par- 
ticular carbon atom occurs, yet this is not true if we assume the carbonium ions to possess 
a “‘ non-classical ’’ structure, formulated as 


Ph. Hy. Ph 
om, or 


Ph’ Ph7 
Dewar considers that attachment to the x-electrons of a double bond may occur without 
interrupting the conjugation through the bond (7bid., p. 50). The conjugated systems in 
the conjugate acids of 1: l-diphenylethylene and triphenylethylene should then differ 
from each other by as much as those of the parent hydrocarbons, and we might expect the 
same bathochromic shift on going from the first compound to the second both in the case 
of the conjugate acids and in that of the hydrocarbon bases. Even without accepting this 
view on the uninterrupted conjugation through a bond which has accepted a proton, it 
would still be difficult to see why the x-electron systems of the conjugate acids of 1 : 1- 
diphenylethylene and anthracene should resemble each other if the proton attachment 
occurs to a bond (or a pair of atoms) rather than to a single carbon atom. If such “ non- 
classical ’’ structures are accepted, the spectral similarities pointed out appear to be curi- 
ously fortuitous. 
It would be interesting to examine the heterolytic addition of hydrogen halides to double 
bonds in the light of these considerations. Formation of trans-addition products in the 
thermal addition of bromine to a double bond has been given as evidence for 
\c—c a triangular structure of the intermediate (Roberts and Kimball, J. Amer. 
b’ \ 7 “d Chem. Soc., 1937, 59, 947) (see inset). The bonding envisaged by the authors 
- is different from the type postulated by Dewar and should no longer be possible 
when a proton replaces the brominecation. The steric course of the hydrogen halide addition 
should show whether the postulation of a triangular structure is also required for the 
intermediate conjugate acids of the olefins which, from this work, we conclude to have 
“ classical ’’ structures. 
Kinc’s CoLLteGE, Lonpon, W.C.2. [Received, December 17th, 1951.) 
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404. The Basicity of Hydrocarbons. Part III.* The Distribution 
of Some Conjugated Hydrocarbons between Acidic and Inert Solvents. 


By V. Gotp and F. L. Tye. 


The distribution of 1: 1-diphenylethylene, 1-«-naphthyl-1l-phenyl- 
ethylene, and triphenylethylene between cyclohexane and sulphuric acid 
water mixtures of different acidities has been studied. By making certain 
assumptions about the solubilities of the hydrocarbon bases in the acid layer, 
it is possible to arrange the hydrocarbons in the approximate order of their 
basicities and to deduce that the pK, value for the conjugate acid of 1 : 1-di- 
phenylethylene is —4 + 2. 


HavinG demonstrated that certain hydrocarbons behave as bases in strongly acid 
solvents, it is logical to enquire whether it is possible to determine this basicity 
quantitatively and to correlate basic strength with molecular structure. With most 
weak bases this is possible by means of the colorimetric and spectrophotometric methods 
described by Hammett and his collaborators (‘‘ Physical Organic Chemistry,’’ New York, 
1940, Chap. IX). Normally, measurements are carried out in solutions of an acidity 
such that acid and base forms are present in convenient concentrations of approximately 
the same order of magnitude. In this procedure it is essential that the base should remain 
in solution as the acidity of the solvent is reduced, a requirement which is not satisfied by 
the compounds and solvents employed by us. Furthermore, were it possible for both an 
olefin base and its conjugate acid to be present in reasonable concentrations, it is quite 
likely that considerable polymerization would take place. 

Although these difficulties in the measurement of the basicity constants of hydro- 
carbons have not been overcome, it has been found possible—with certain assumptions— 
to compare approximately the basicities of 1 : 1-diphenylethylene, 1-«-naphthyl-1-phenyl- 
ethylene, and triphenylethylene by partition experiments similar to those performed on 
azulenes by Plattner, Heilbronner, and Weber (Helv. Chim. Acta, 1949, 32, 574). 


EXPERIMENTAL 

The preparation and purification of reagents and solvents have been described (Part I, 
J., 1952, 2167). 

Partition Experiments.—The distribution of olefin between cyclohexane and aqueous 
sulphuric acids of different strengths was studied by introducing a weighed amount of olefin 
into the two layers, shaking, and then determining the concentration (C’,) of olefin in the 
cyclohexane layer from the intensity of ultra-violet light absorption at suitable wave-lengths. 
The concentration of olefin in the acid layer (Cy,+) was obtained by subtraction. It was 
checked in a few cases that these values agree satisfactorily with values of Cyp+ obtained by 
direct spectrophotometry of the carbonium-ion concentration in the acid layer. In the 
subtraction method it is obviously essential to have comparable amounts of solute in the two 
phases. It was found that for 1: l-diphenylethylene log,, (C’p/Cyy+) had reached a steady 
value after 10—15 minutes’ shaking and, in order to minimize any errors due to secondary 
reactions, the values after 15 minutes were taken to be the equilibrium values. For the other 
two olefins the variations of log,) (C’g/Cq y+) with time proved to be more serious, as shown 
in the example below : 


Effect of duration of shaking on distribution. 
(i) 1: 1-Diphenylethylene (85-90% H,SO,: 22510 A used for measurement of concentration). 
TiaRO, GEER. 200.0sccccecvesec 5 20 30 60 
10g 19 (C’s/Cup+) —0-19 ‘2 "22 —0-23 —)-24 0-31 
(ii) Triphenylethylene (85-90% H,SO,; 2 3020 A used for measurement of concentration). 


Time, mins. 5 27 48 66 
logy» (C’s/Cus+) +0-361 +0-240 +O-141 + 0-040 





* Part IJ, preceding paper. 
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In order to get a rough comparison, the value of C’g/Cqgy+ was taken in each case as that 
obtained after 10 minutes (cf. Table 1, Part II). This is rather an arbitrary procedure and we 
do not claim high accuracy for the results which, moreover, suffer from the uncertainty that 
the time variation of the value may be different for different acidities of the acid layer. 

Fortunately, the uncertainty involved, even on an extreme view"of the inaccuracy [say 
0-2 unit in log; (C’g/Cyy+)}, does not greatly affect the relative positions of the lines obtained 
on plotting log,) (C’g/Cygt) against H, (Fig.), where H, is Hammett’s acidity function. The 





a, Triphenylethylene (slope = 2-7). 

b, 1-a-Naphthyl-1-phenylethylene 
(slope 2-5). 

c, 1: 1-Diphenylethylene (slope = 
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observation that the slopes of these lines do not differ much from that for the stable hydro- 
carbon 1: l-diphenylethylene also suggests that the time variations at different acidities may 
not be too dissimilar. The order of magnitude of the true distribution coefficients is therefore 
hardly in doubt. 
Results of distribution experiments. 
Hydrocarbon H,SO,,% Hy, 1logy(C’s/Cus+) Hydrocarbon H,SO,,% Hy logys (C’s/Cust+) 
—7-45 +0-32 ; : —0-22 
Ph,C:CH, 55 —7-55 40-15 Ph,C:CH, ; { —0-62 
—7-59 +0-09 ° “Of —0-97 
. , . +0-38 - , : —0-35 
Ph,C:CHPh ... { 92°>' a ae Ph,C:CHPh ...{ 9% ; oes 
. 2 ‘ +1-07 . —0-04 
et otScicn, { 86-56 —7- 0-84 “a cu, 2 ~0-41 
, | 88-04 { +0-30 91-99 8: —0-74 
DISCUSSION 
The equilibrium between a hydrocarbon base (B) and its conjugate acid (HB*) in the 
acid layer is governed by the relation 


Hy = pKupt — logy (Cop+/Ca) - - - - - . (i) 
where Cy and Cy p+ stand for the concentration in the acid layer of the species concerned, 


pXxust is the acidity constant of HB*, and H, is Hammett’s acidity function (of. cit.). 
The distribution of B between the two immiscible phases can be formally expressed by 


PeCel'n . .:..... 


if C’, and C’yp* are the concentration of base and conjugate acid in the cyclohexane; P is 
called the partition coefficient and is equal to the ratio of the solubilities of the base in the 
two layers. Experimentally we find that Cyp+ > Cy and C’, > C’qx+. We may combine 
equations (1) and (2) to obtain 


Hy = pKust -f- logy P— log 19 (Cup+/C’s) _. » oe Se 


The experimental determination of the ratio Cyg+/C’, with acid layers of known values of 
H, therefore leads toa value of (pKyg+ + logy) P) but, without an accompanying measure- 
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ment of P, it is impossible to derive from this an accurate value of pAypgt. A 
direct measurement of P would be very difficult in this case and has not been attempted. 
Plattner, Heilbronner, and Weber (loc. cit.), who have used a similar partition technique 
for the separation and characterization of the azulenes, another group of basic hydro- 
carbons, have suggested that the H, value at which the apparent partition coefficient 
(Cuy+/C’p) is unity (t.e., pKup+ + logy) P) could be regarded as a measure of relative 
basicity, called by them H,(K’ = 1), but they were careful to point out that this treatment 
of the data was not rigorous. 

A difficulty encountered with the application of equation (3) is the observation that 
(pAKup + logy) P) is experimentally not independent of Hy, but appears to be a linear 
function of H, of approximate slope —1. Stated alternatively, the plot of logy) (Cun+/C's) 
against H, is linear with a slope ~ —2. This has been found for the azulenes with either 
aqueous sulphuric or phosphoric acid in the acid layer (Plattner et al., loc. cit.); we have 
also found it at considerably higher acidities with the three hydrocarbons now examined. 
We interpret these observations as arising out of a linear decrease of the logarithm of the 
solubility of base molecules in the acid with increasing values of Hy (i.e., an increase of 
solubility with increasing acidity). Such an effect has been reported for the basic form of 
organic oxygen compounds (Hammett and Chapman, J. Amer. Chem. Soc., 1934, 56, 
1282), and therefore appears to be a fairly general one. This salting-in law for strongly 
acid solvents may alternatively be stated in the form 


log fg = «Hy + constant 


where «is ~ ], and fy is an activity coefficient of B relatively to any convenient standard 
state. 

In order to arrive at a comparative estimate of the basicities of the three hydrocarbon 
bases examined, it is necessary to know how P depends on the base concerned (for a certain 
fixed acid composition). For three olefins of similar structure we would predict that the 
partition coefficients do not differ very widely and, therefore, the order of the values of 
(pKup+ + logy P) is probably also the order of their basicities, i.e., CPh,:CH, > 
a-C,9H,°CPh:CH, > Ph,C:CHPh, with the insoluble hydrocarbons stilbene and tetraphenyl- 
ethylene much less basic still. In order to change the position of triphenylethylene in this 
sequence it would be necessary for P for the distribution of triphenylethylene between 
cyclohexane and a particular solvent mixture to be more than 100 times smaller than P 
for 1-«-naphthyl-l-phenylethylene or more than 1000 times smaller than P for 1 : 1-di- 
phenylethylene. A consideration of the ratio of the solubilities of related hydrocarbons 
in a paraffin solvent and water indicates that such an upset is improbable. It is not 
impossible, however, that differences in P may be responsible for the order of the first 
twce compounds in the sequence; in this case the values of P would have to differ by a 
factor > 10 if the order were, in fact, the reverse of that stated. 

The relative solubilities of aromatic hydrocarbons in cyclohexane (paraffin solvents) 
and water are usually in the ratio 10: 1 to 105: 1. The solubility increase with acidity 
being borne in mind, the value of P is probably changed to 10° to 10™* (log P = —3-7) 
(the data of Hammett and Chapman on nitrobenzene being taken as guidance on this 
point). For 1 : l-diphenylethylene 


PA pn,mec* - log 19 P = -7-63 (see Fig.) 
therefore 


PKpnwect = —7-63 + 3-7 = —4+4 2 


a generous estimate being taken of the uncertainties of various assumptions. This 
means that 1: l-diphenylethylene is at least as basic as acetophenone (pKyux+ ~ —6) 
and, more probably, as strong a base as 2: 4-dinitroaniline (pKy_+ = —4-4). It is 
certainly a stronger base than 2: 4: 6-trinitroaniline, anthraquinone, or nitro-hydro- 
carbons. 


Kinc’s COLLEGE, Lonpon, W.C.2. Received, December 17th, 1951.) 
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405. The Basicity of Hydrocarbons. Part IV.* <A Theoretical 
Treatment of Conjugated Hydrocarbons. 


By V. GoLp and F. L. Tye. 


The difference in x-electron coupling energies of a hydrocarbon base and its 
conjugate acid, as calculated by Hiickel’s molecular-orbital method, is taken 
as a theoretical measure of basicity. The treatment enables one to make 
predictions of the position of proton attachment to a conjugated system and 
of the relative basicity of structurally similar conjugated hydrocarbons which 
are in agreement with experiment. 


THE equilibrium constant (K) for a reaction of the type H,SO, + B == HB’ + HSO,- 
may be expressed as the product of the equilibrium constants of the two fictitious stages 


H,SO, == H* + HSO,- oe ee oe le (ee 
H* + B = HB’ ha © eo ee we ow 

and it may also be related to the standard free-energy changes associated with these stages : 
—RT In K = AG,°+ AG, . ..... . (3) 


AG,° is obviouslyi ndependent of the base used and it is probably also safe to assume that 
the entropy change accompanying the second stage (‘‘ entropy of protonation ’’) is inde- 
pendent of the base, provided that the structure changes involved in the protonation 
reaction are similar. Thus it is plausible to assume that the entropy of protonation of aryl- 
substituted ethylenes will be constant. It may not be equally correct to assume that the 
entropy of protonation of anthracene would be the same, for a different amount of internal 
‘‘ loosening-up ’’ would accompany the reaction in this case. Attention being restricted to 
an isentropic series, equation (3) becomes 


—RT In K = AH, + constant 


It is well established that in many reactions of conjugated hydrocarbon systems the most im- 
portant structure-sensitive contribution to the heat of reaction or activation comes from the 
changes in the total energy of the z-electrons, the contribution from o-electrons being less 
influenced by structural changes. It has also been shown in several cases that a good rela- 
tive assessment of the z-electron contribution to heats of reaction and activation may be 
calculated by Hiickel’s molecular-orbital method (Z. Phystk, 1931, 70, 204; 72,310; 1932, 
76, 628). We have used this method in its simplest form, as it has been shown that for 
energy calculations the neglect of overlap does not introduce a structure-sensitive error, the 
chief consequence being a change in the value of an empirical energy parameter (usually 
given the symbol § or y) in terms of which the energy changes are expressed (Wheland, /. 
Amer. Chem. Soc., 1941, 63, 2025). 


AH, = Hyp+ — Hy — Hy+ 
= {(E.)ne+ — (Eo)s} + {(E2)un+ — (Ee)s} — Hu: 
[herefore —RT In K = (E,)nn+ — (E,)n + constant 
= AE, + constant 


where the terms £, and E, represent the contributions from the energies of the o- and x- 
electrons to the heat contents of the molecules referred to by the second subscript. 

(£,,)nn+ and (£,)z are obtained in terms of the energy parameter 8 from the molecular- 
orbital calculations. The approximations made in calculations of this type have been 
discussed by Coulson and Dewar (Discuss. Faraday Soc., 1947, 2, 54), who have stressed the 
greater uncertainty involved in applying molecular-orbital calculations to ions. However, 
it is probable that these difficulties are minimized in a comparison of structurally similar 
molecules. For instance, Wheland has successfully applied the method to positively and 


* Part III, preceding paper. 
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negatively charged structures (J. Amer. Chem. Soc., 1942, 64, 900). We also assume that 
any errors in the calculation arising out of the non-coplanarity of the structures will cancel 
out in the difference AE,. 

There are several ways in which the results of the calculations (see Table) may be com- 
pared with experiment. First, by calculating (E,)qx+ for the different possible carbonium 
ions which can be formed from the same hydrocarbon by proton addition at different carbon 
atoms, it is possible to predict the most stable carbonium ion and hence the position of the 
proton attachment. This may be compared with the experimental deductions of Part II 
(J., 1952, 2172) with which there is complete agreement. Secondly, the order of basicity of 
the arylethylenes may be compared with the results reported in Part III (loc. cit.). The 
order derived from the calculations, viz. 


Ph,C:CH, ~ a-C,,H,*CPhiCH, > Ph,C:CHPh > PhCH:CHPh, Ph,C:CPh, 


agrees with the sequence tentatively inferred from the partition experiments, the order of 
the first two compounds being less certain than that of the others. For addition reactions to 
conjugated systems which are thought to occur by a two-stage mechanism initiated by 
proton attack, such as the thermal addition of hydrogen halides, these calculations will 
predict the position of proton attachment (it being assumed that the thermod¢namically 
most stable cation is formed in preference). For instance, it is seen that the addition of a 
proton should occur at the terminal position of buta-] : 3-diene rather than in the middle. 
In agreement with this it is found that the products of the reaction between hydrogen 
chloride and butadiene are 3-chlorobut-l-ene and 1-chlorobut-l-ene. Of course, the 
physical principles underlying this conclusion (formation of the largest possible conjugated 
system) have been understood in a qualitative way for some time. In the aryl-substituted 
ethylenes these calculations lead to the conclusion that the two-stage heterolytic addition of 
a reagent HX should occur in such a way that the negative fragment X appears on the 
carbon atom carrying the smaller number of hydrogen atoms, which constitutes an a priori 
derivation of the equivalent of Markownikoff’s rule for this particular class of compound. 
In the case of proton addition to an aromatic ring, our calculations are analogous to 
those of Wheland (J. Amer. Chem. Soc., 1942, 64, 900) on the position of aromatic substitu- 
tion in benzene derivatives (see also Dewar, J., 1949, 463.) In these calculations the trans- 
ition state for aromatic substitution by a group X is supposed to have the structure 
(1), resulting in interruption of conjugation at the point of substitution, with the remaining 


X H 


(IT) 


conjugated system sharing the electric charge of the reagent X. In the case of anthracene 
we concluded from our measurements of absorption spectra (Part II, loc. cit.) that a structure 
of this form is in fact stable (if X = H*) and not just the transition state for a hydrogen- 
replacement reaction. It does seem likely, however, that the electronic arrangement in 
the transition state is more akin to this conjugate acid cation than to the ground state, 
which is a reason for the success of such calculations. For the case of aromatic substitu- 
tion in polycyclic hydrocarbons it is difficult to compare the results of the calculations with 
experimental data. It appears that steric factors often assume a réle of comparable im- 
portance to that of the x-electron energies. Already in anthracene the position of electro- 
philic substitution depends on the nature of the reagent employed. It may, however, be 
thought that the calculations should give the position of electrophilic replacement in the 
absence of structure-sensitive non-electronic contributions to the activation energy. The 
hydrogen-isotope replacement reaction may satisfy this requirement and it is hoped to 
report on this later. 

The results for the calculation on polycyclic hydrocarbons are illustrated by the examples 
in the Table. Calculation for other molecules of this type leads to the generalization that 
proton addition is most likely in meso-positions, less so for «-positions in naphthalene struc- 


tures, and least favourable for 8-positions. Ions which contain the grouping (II) are par- 
7A 
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~(AE~ 
ad (En)s HBt (Ex) at + 2a)p* 
CH,:CH, 2a + 28 CH,-CH,* 0 2-00 


+ 
CH,:CH-CH:CH, 4a +4478 CH,CH=CH=CH, 2a + 2-838 1-64 
CH,CH,-CH:CH, 2a + 2-008 2-47 


CH,:CH-CH:CH-CH:CH, + 6-968 CH,CH=CH=CH=CH=CH, 4a + 5-468 1-50 





———_., 
CH,°{CH-CH,CH=CH=CH, 4a + 4-838 2-13 
CH,-CH,-CH:CH-CH:CH, 4a + 4-478 2-49 
— : 
Ph-CH:CH, + 10-428 Ph=CH-CH, 6a + 8-728 1-70 


[7-H 


8-058 





Ph-CH,-CH, + 8-008 





+ 


n ‘ > 
Ph:CH:CHPh + Ph—CH-CH,’Ph y 16-728 


aS 
Ph,C:CH, Ph,C-CH, 2a + 17-308 
Ph,CH-CH, 2a + 16-008 


—— os 
Ph,C:CHPh ‘ 27-3 Ph,C-CH,Ph + 25-308 


| 
Ph,CH-CH—Ph +- 24-728 


an 

Ph,C-CPh, + 35-728 Ph,C-CHPh, + 33-308 
ee 

a-C,,H,CPh:CH, a-C,,H,*C(Ph)-CH, + 23-0,82 
a-C,,H,“CH(Ph)-CH, 21-688 


4a + 5-468 


10a + 13-688 8a + 11-388 


665 8a + 11-1883 


+ 


1 The introduction of a phenyl group into styrene (in the a-position), stilbene, benzene, diphenyl, 
etc., is associated with a change in the z-electron coupling energy of 8-39 + 0-018. Assumption of the 
same change on going from a-naphthylethylene (E, = 12a + 16-128*) gives the value in the table. 
2 The replacement of a phenyl group by an a-naphthyl group in the benzyl radical is associated with 
a change in the coupling energy of 5-778; the same replacement in triphenylmethyl, with a change 
of 5-748. Assumption that the change on going from the diphenylmethy] (17-038) to the a-naphthyl- 
phenylmethy! radical is intermediate leads to the value given. * The 7-electron energy of the 
p-isomer * is taken. 


* Value from Syrkin and Diatkina (loc, cit.). 
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(En)s HB* (E)ast — (AE, + 2a)p" 


H H 
= V/ 


(7 LA] 
14a + 19-318 COO 12a + 17-308 
ed 


+ 


\ 


14a + 19-458 laa 


. + 17-1484 
le 


+ 17-0,8 4 


+ 16-9,87 


+ 16-8,8* 


/ ; : 
Y : 20a + 28-218% ¢ 18a + 26-4810 
‘~ 
\ 


oy, 


‘ The difference in coupling energy between a- and B-naphthylcarbonium ion is 0-078. The same 
relation being assumed to hold for the vinylogs, the value for the a-isomer (17-148) leads to the 
value in the table. * Introduction of a cn, group into the £-position of naphthalene changes 
the coefficient of 8B by 0:74. The same change is assumed to be affected by this substitution in 
p-naphthylethylene (16-108 *). © The w-electron energy of the p-isomer is taken. 7 Introduction 
ofa cH, group into the a-position of naphthalene changes the coefficient of 8 by 0-81. The same 
change is assumed to occur from this substitution in f-naphthylethylene. * Introduction of 
CH, into the £-position of a-naphthylethylene (16-128*); cf. footnote 5. * Approximate value 
given by Brown (Trams. Faraday Soc., 1950, 48, 1013). %° Introduction of a phenyl group into 
(II)* is assumed to increase the coupling energy by 8-68. 


* Value from Syrkin and Diatkina (loc. cit.). | + Most stable formulation of conjugate acid. 
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ticularly stable.* The low value of AE, found for 3 : 4-benzopyrene is connected with this 
and is in accord with the qualitative observation of strong basicity of this compound. 

Explanation of Table of Results.—The x-electron energies are expressed in terms of the 
Coulomb integral « and the resonance integral 8. Since § is a negative quantity the stability 
of the conjugate acid cation will be greater the lower the numerical value given in col. 5. 
Thus the first of the two values for 1 : 1-diphenylethylene (1-51), corresponding to proton 
attachment to the methylene group, is lower than the second one (2-81) and therefore 
relates to the process which will occur in preference. Also, this value is lower than the 
lowest value for triphenylethylene (1-96) and therefore 1 : 1-diphenylethylene is the more 
basic hydrocarbon. The isomeric carbonium ions in col. 3 have been listed in order of 
decreasing stability. 

Because of the complexity and lack of symmetry of some of the larger structures, not all 
the x-electron energies listed in the table have been obtained by solution of the appropriate 
secular equation. Instead, some of them have been obtained by the use of empirical additivity 
rules. The molecules concerned are marked with a small index and the method of evalu- 
ation is stated in footnotes. Most of the x-electron energies given in cols. 2 and 3 are in the 
literature; those marked with an asterisk are from Syrkin and Diatkina (Acta Physicochim. 
U.R.S.S., 1946, 21, 641), some of whose data have on recalculation been found to be in error 
by a few units in the second decimal place and not as reliable as the other values, which 
have been taken from Hiickel (Z. Elektrochem., 1937, 43, 732) or Wheland (J. Amer. Chem. 
Soc., 1941, 63, 2025), or from our own calculations. 


We acknowledge the benefit of discussions with Prof. C. A. Coulson, F.R.S., Prof. F. A. 
Long, Dr. R. J. Gillespie, and Dr. G. M. Badger. We thank also the Department of Scientific 
and Industrial Research and the University of London for the award of a Maintenance Allowance 
and a Postgraduate Studentship (to F. L. T.).. This work has been supported by grants towards 
the purchase of apparatus from the Research Fund of the University of London and from 
Imperial Chemical Industries Limited. 
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406. Some Physical Properties of cis-Stilbene. 
By D. S. BRAcKMAN and P. H. PLEscu. 


Some physical constants are recorded for highly purified cis-stilbene. 


A NEw method of purifying cis-stilbene is described below. The cis-stilbene thus obtained 
had m. p. 5—6°, higher than any value recorded in the literature (see Table 1), and n? 
1-6218. New vapour-pressure measurements combined with recorded values gave 15-8 -- 0-3 
kcal./mole for the latent heat of vaporisation. 

The infra-red spectrum of cis-stilbene is recorded in Fig. 2, and the wave-numbers of 
the main absorption bands in the spectra of cts- and ¢rans-stilbene are given in Table 2. 


EXPERIMENTAL 


cis-Stilbene has been prepared by many workers, using a variety of methods, but without full 
agreement on the physical properties of the pure compound. The present authors prepared 
cis-stilbene by Taylor and Crawford’s method (J., 1934, 1130). Purification by repeated high- 
vacuum fractionation at 80° yielded a colourless oil, which readily froze to a white crystalline 
solid, m. p. 5—6°, n 1-6223 + 0-0005. Because this method was tedious it was abandoned. 
Instead, the crude reaction product was fractionally distilled once under a high vacuum at 80°, 
and the fractions with the same refractive index (yellow oils) were combined and further purified 
by repeated crystallisation from n-hexane cooled in solid carbon dioxide—methanol. After 
removal of the residual hexane in high vacuum, a colourless product was obtained which had 
m. p. 5—6° and nf} 1-6214 + 0-0005. The melting point of the specimens purified by both 


* It may be worth noting that the high w-electron coupling energy for this structure (17-828, new 
calculation) seems to make it possible that the free radical corresponding to it may have considerable 
stability and little tendency to dimerization. 
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methods decreased when they were kept for several days in subdued light, reaching a steady 
value of 0-62° + 0-04°. This decrease of the melting point may be due to the spontaneous 
formation of traces of trans-stilbene or of oxidation products from atmospheric oxygen. The 
infra-red spectrum shows that the proportion of the impurity, if it is trans-stilbene, is certainly 
small. 

The fact that both our methods of purification give the same melting point and, within 
experimental error, the same refractive index, leads us to propose a m. p. of 5—6°, and n¥ 
16218. The refractive index agrees well with the most recent result (Coops and Hoijtink, 
Fic. 1. The relation between the logarithm 


of the vapour pressure (p in mm. Hg) and 
the absolute temperature (T) for cis-stilbene. 








Absorption, % 


























268 32 
10°/T 


Rec. Trav. chim., 1950, 69, 358), but our melting point exceeds that found by the Dutch workers; 
the reason for this is almost certainly our improved method of purification. 

We are indebted to Mr. T. Charnley and Dr. H. A. Skinner for vapour-pressure measurements 
on our cis-stilbene with a quartz-fibre viscosity gauge (see Charnley and Skinner, J., 1951, 1921) 
over the range 3—13°. When these results (shown in Table 1) are combined with the vapour 
pressures at various temperatures found in the literature, so that the temperature range is 


TABLE 1. 


Method of Method of Refractive index : Vapour pressure : 
prepn. purifn. M. p. temp. Np temp. p 
— — 145° 
1-620 139—140 
— 134° 
—_ 145° 
_— 140-5—141° 
1-6032 — 


1-6234 
— 28° 


=Secwmrsdsmewne 
COR RP ROR RP oP & 


2 P 1-62167 2° 
—6° 25° 1-6218 F (9-1 + 0-5) x 10-4 
(1-49 + 0-11) x 10-8 
13 (2-00 +. 0-22) x 10°3 
References : 1, Schlenk and Bergmann, Amnalen, 1928, 468, 112. 2, Bourguel, Bull. Soc. chim., 
1929, [iv], 45, 1067. 3, Taylor and Crawford, /., 1934, 1130. 4, Kistiakowsky and Smith, J. Amer. 
Chem. Soc., 1934, 56, 638. 5, Price and Meister, ibid., 1939, 61, 1595. 6, G. N. Lewis, Nagel, and 
Lipkin, ibid., 1940, 62, 2973. 7, Weygand and Rettberg, Ber., 1940, 73B, 771-3. 8, Downing and 
Wright, /. Amer. Chem. Soc., 1946, 68, 141. 9, Lewis and Mayo, ibid., 1948, 70, 1533—6. 10, Coops 
and Hoijtink, Rec. Trav. chim., 1950, 69, 358—67. 11, This paper. 
Method of preparation: a, Catalytic hydrogenation of tolane. b, Decarboxylation of a-phenyl- 
cinnamic acid in quinoline. c, Isomerisation of trans-stilbene by ultra-violet light. 
Method of purification: I, High-vacuum distillation at 80°. II, Impurities removed by complex 
formation. III, Distillation at 20 mm. Hg. in absence of air and light. IV, This paper. 
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extended to 152°, the best line is given by log p = 9-4 — 3453 T-, where T is the absolute 
temperature and p the vapour pressure in mm. Hg. The latent heat of vaporisation (L) is 
15-8 + 0-3 kcal. /mole (see Fig. 1). 

The data found in the literature are summarised in Table 1. 

The infra-red spectrum of cis-stilbene has not been published before. It was recorded for 
us (see Fig. 2) by Mr. M. St. C. Flett of the Blackley Laboratories of Imperial Chemical Industries 
Limited on a Hilger D.209 instrument, with single-beam photographic recording, using thin 
layers of the undiluted cis-stilbene. The spectrum could not be obtained immediately after 
purification, so that the material which was used, although initially our purest, had m. p. 0-62° 
at the time when the spectrum was recorded. 

The spectrum of trans-stilbene (Thompson, Vago, Corfield, and Orr, J., 1950, 214) was 
recorded on the same instrument for comparison. 


TABLE 2. Wave-numbers (cm."!) (+ 2) of the main absorption bands of cis- and 
trans-stilbene. 
cis-Stilbene trans-Stilbene 


695 864 1035 1321 1578 687 986 1156 1318 1600 
730 927 1077 1346 1605 762 1003 1182 1340 1753 
751 968 1168 1413 1910 847 1031 1221 1391 1826 
780 986 1183 1450 1950 909 1072 1266 1455 1878 
845 1005 1296 1500 964 1105 1299 1498 1935 





The spectrum of tvans-stilbene has a strong band at 1221 cm.-}, and the absence of this from 
the spectrum of our cis-stilbene shows that it could not have contained more than a very small 
proportion of the ¢vans-isomer. 

The wave-numbers of the main bands for both cis- and trans-stilbene obtained from our 
spectra are given in Table 2. 


This work was carried out at the University of Manchester. We thank Dr. H. A. Skinner, 
Mr. T. Charnley and Mr. M. St. C. Flett for their kind help and advice. 
THE UNIVERSITY, MANCHESTER. 
UNIVERSITY COLLEGE OF NORTH STAFFORDSHIRE, 
KEELE, NORTH STAFFORDSHIRE. (Received, January 25th, 1952.) 


407. Relationship between Hyperconjugation and Intramolecular Con- 
figuration. Part I. The Ethyl Alcoholysis of Some Derivatives of 
Diphenylmethyl Chloride. 


By G. BADDELEY and M. GorRDON. 


Rates of alcoholysis decrease in the series 3: 4-cyclopenteno->3: 4- 
cyclohexeno- >3 : 4-cyclohepteno- >3 : 4-diethyl-benzhydryl chloride. These 
chlorides are subject to the same inductive and inductomeric effects, and 
decreases in reactivity can probably be related to decreases in magnitude of 
hyperconjugation. Thus the tautomeric release of electrons by a methylene 
group is a maximum when the hydrogen atoms are placed one on either side of 
the plane of the attached benzene ring, and is hindered by intramolecular 
steric interactions which oppose this configuration. The interpretation of 
the decrease in hyperconjugation in the order Me >Et >Pr' is discussed. 


In 1949 we pointed out (Nature, 1949, 164, 833) that, when resonance interaction between 
the benzene ring and X in compounds of type (I) is insufficient to hold Y in the plane of the 
ring, then the planar or near-planar configuration which obtains in compounds of type (IT) 
when is 1 or 2, but not 3, leads to anomalous properties indicative of a comparatively 
high resonance interaction. We indicated that Berliner and Berliner (J. Amer. Chem. Soc., 
1949, 71, 1195), by showing that the rate of bromination of ethyl-, »-propyl-, tsobutyl-, 
and neopentyl-benzene decreases in this order, had provided evidence that hyperconjugation 
between the methylene group and the benzene ring in these hydrocarbons (III; R = Me, 
Et, Pr’, and But respectively) is probably a maximum when R is closest to the plane of the 
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ring, and is subject to hindrance by steric factors which oppose this configuration. Finally, 
we announced that the properties of indane, tetralin, and benzocycloheptene (IV; » = 1, 
2, and 3 respectively) and of some of their derivatives are being studied in these laboratories 
with the intention of clarifying the Baker—Nathan effect by demonstrating whether hyper- 
conjugation of methylene groups is subject to steric effects, t.e., whether the properties of 
indane and tetralin and of some of their derivatives indicate the presence of a comparatively 
large hyperconjugation. 
H 
: on 
‘YS. Oe Oo 
./ a“ (CH,] a WwW 
(II) 





( CHS 
Ph—CH—, ) (CHy). DN 
(V) Ph—CH 


Recently, Arnold and Truett (¢bid., 1951, 73, 5508) have compared the rates of hydrolysis, 
in aqueous acetone, of 3 : 4-cyclopenteno-, 3 : 4-cyclohexeno-, and 3 : 4-cyclohepteno-benz- 
hydryl chloride * respectively (V; » = 1, 2, or 3 respectively); we have compared the 
rates of reaction of these chlorides and of 3: 4-dimethyl- and 3 : 4-diethyl-benzhydryl 
chloride * with absolute ethanol. 

Our data are assembled in the table and are comparable with those of Arnold and Truett 
(cf. Arnold, Murai, and Dodson, tbid., 1950, 72, 4193). Some of the chlorides, in their 
behaviour towards ethanol, resemble one another rather closely and, in consequence, rate 
constant determinations were duplicated. 


Constants of Arrhenius equation, k = Ae~*'®", for the formation of hydrogen chloride by the 
ethanolysis of benzhydryl chlorides. 
At 0-0° At 20-0 E, 10° A 
Derivative 105k (sec.~') 10k (sec.-') kcals. /mole (sec.~') 
4-Methyl- * 7:33 7-12 


wt 


3 : 4-Dimethyl- 
: 4-Diethyl- 
: 4-cycloPento- 
: 4-cycloHexeno- 


: 4-cycloHepteno- 


eee ee 

Ut Gt 91 90 G9 G8 ee em OO nd | 

rwoOmSSwwAwIwe®! 
es ee ee 
ahopp 4a gubapoko 
SAI wSAwewee = 


* 10° (at 25-0°) = 1-19; sociale Ingold, and Taher (J., 1940, 949) give 1-22. 


The ionisation process, which is the rate-determining step in the unimolecular alcoholysis 
of these chlorides (Ward, J., 1927, 2285), is facilitated by hyperconjugation because this 
contributes especially, as illustrated in (VI), to the resonance stabilisation of the correspond- 
ing cations. In consequence, the sequence of reactivities: 3: 4-cyclopenteno->3 : 4- 
cyclohexeno->3 : 4-cyclohepteno->3 : 4-diethyl-benzhydryl chloride provides definite evi- 
dence that hyperconjugation of the «-methylene group with the benzene ring decreases 
progressively as the $-methylene group lies at increasing distances from the plane of this 
ring. 3: 4-Dimethylbenzhydryl chloride is not strictly comparable with the other chlorides 


* Although not sanctioned by I.U.P.A.C., the name benzhydry] provides the simple basis for the 
discussion in this paper. Systematic names are used in the Experimental section. 
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as the methyl group has a smaller inductive and inductomeric effect than have other alkyl 
groups; under the experimental conditions, this chloride is not more reactive than 3 : 4- 
cyclohexenobenzhydryl chloride and, apparently, the methyl group is not more susceptible 
to hyperconjugation than an a-methylene group when the corresponding #-methylene 
group is held near to the plane of the aromatic ring. 

It is generally assumed, after Baker and Nathan (/., 1936, 236), that hyperconjugation 
between the benzene ring and a methyl, ethyl, and tsopropyl group, respectively, decreases 
in this order owing to a corresponding decrease in the number of “‘ effective hydrogen atoms ”’ 
(3, 2, and 1 respectively). As an alternative interpretation, we have suggested (loc. cit.) 
that this decrease in hyperconjugation may be the consequence of an increasing steric 
inhibition of a hyperconjugation which, for each of these alkyl groups, involves, at any 
instant, interaction of the electrons of no more than one CH-bond with the z-orbitals of 
the benzene ring (cf. Coulson, Quart. Reviews, 1947, 1, 144); thus, when the alkyl group 
is ethyl or isopropyl, hyperconjugation is hindered by the increase in intramolecular steric 
interaction incurred by bringing the methyl group of the former or the two methyl groups 
of the latter close to the plane of the benzene ring. The data we now communicate are 
supported by other work we have in hand; they indicate that hyperconjugation is subject 
to steric inhibition and, at least to this extent, support our interpretation. 


EXPERIMENTAL 


Materials.—Ketones. A solution of aluminium chloride (1-5 mol.) and benzoyl chloride 
(1-25 mol.) in ethylene dichloride was added gradually to a solution of the appropriate aromatic 
hydrocarbon in ethylene dichloride, After being kept overnight, the mixture was poured on 
ice and hydrochloric acid, and the organic layer separated, washed with water, dried (K,CO,), 
and distilled. 

The following derivatives of benzophenone were obtained: 4-methyl-, b. p. 171—172°/12 
mm., m. p. 54—55° after recrystallisation from ligroin (Linke and Plascuda, Ber., 1873, 6, 908; 
1874, 7, 982); 3: 4-dimethyl-, b. p. 190—191°/13 mm., m. p. 45—46° after recrystallisation 
from ethanol (Elbs, J. pr. chem., 1887, 35, 467); 3: 4-diethyl-, b. p. 160—163°/0-34 mm.; 
3: 4-cyclopenteno-, b. p. 194—196°/9 mm., m. p. 40—41° after recrystallisation from ethanol 
(Borsche and Pommer, Ber., 1921, 54, 102); 3: 4-cyclohexeno-, b. p. 219—221°/11 mm., rhombic 
plates, m. p. 40—41°, from light petroleum (Found: C, 86-7; H, 6-5. Calc. for C,,H,,0: 
C, 86-4; H, 6-8%) (Scharwin, Ber., 1902, 35, 2511, describes it as an oil, b. p. 222—223°/12 
mm.); and 3: 4-cyclohepteno-, b. p. 219°/8 mm., needles, m. p. 38—42°, crystallising with 
difficulty from light petroleum. 

Alcohols. The following derivatives of diphenylmethanol were obtained from the corre- 
sponding benzophenones by reduction with zinc dust and alkali (Hughes, Ingold, and Taher, 
J., 1940, 949); 4-methyl-, m. p. 51—52° (Hughes, Ingold, and Taher give m. p. 52—53°) ; 
3: 4-dimethyl-, m. p. 65—66° (Elbs, loc. cit., gives m. p. 68°); and 3: 4-diethyl-, b. p. 160— 
161°/0-45 mm.; 5-«-hydroxy-benzylindane, fine needles, m. p. 65—66°, from light petroleum 
(Found: C, 86-0; H, 7-24. Calc. for C,,H,,O: C, 85-7; H, 7-14%); 6-a-hydroxybenzyl- 
tetralin, needles, m. p. 66—67°, from light petroleum (Found: C, 85-6; H, 7-4. Calc. for 
C,,H,,0: C, 85:7; H, 76%); 2’-a-hydroxybenzylbenzocycloheptene, clusters of needles, m. p. 
72-5—73-5°, from light petroleum (Found: C, 85:7; H, 7-6. C,gH. O requires C, 85-7; H, 
7-9%). 

Chlorides. The following derivatives of diphenylmethyl chloride were prepared by passing 
dry hydrogen chloride for 24 hours into a solution or suspension of the corresponding alcohols in 
light petroleum (b. p. 60—80°). The petroleum was then decanted from a lower aqueous layer 
and dried (CaCl,), the solvent removed under reduced pressure and in the absence of moisture, and 
the residue rapidly distilled at 0-1_—0-5 mm. Slow distillation caused some decomposition and 
provided distillates which, by hydrolysis, were found to contain considerably less halogen than 
was required. In all instances, the chloride before and after distillation provided rates of ethan- 
olysis which did not differ by more than 2%. Physical data were: 4-methyl-, b. p. 140°/0-4 
mm. (Found: Cl, 16-0. Calc. for C,,H,,Cl: Cl, 16-4%), 3: 4-dimethyl-, b. p. 155°/0-11 mm. 
(Found: Cl, 15-3. Calc. for C,,H,,Cl: Cl, 15-4%), and 3: 4-diethyl-diphenylmethy] chloride, 
b. p. 160°/0-18 mm. (Found : Cl, 13-5. Calc. for C,,H,,Cl: Cl, 13-7%) ; 5-a-chlorobenzylindane, 
b. p. 162°/0-04 mm. (Found: Cl, 14:2. Calc. for C,,H,,Cl: Cl, 14:6%); 6-a-chlorobenzyl- 
tetralin, b. p. 177°/0-05 mm. (Found: Cl, 13-5. Calc. for Cy,H,,Cl: 13-8%); 2’-«-chloro- 
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benzylbenzocycloheptene, b. p. 187—189°/0-24 mm. (Found: Cl, 13-5. Calc. for C,,H,,Cl: 
Cl, 13-1%). 

Alcoholysis of the Chlorides in Anhydrous Ethyl Alcohol.—The alcohol was purified by Lund 
and Bjerrum’s method (Ber., 1931, 64, 210). The experiments were carried out either at 0-0° 
or at 20-0° (+-0-05°) by the sampling method described by Hughes, Ingold, and Taher (loc. cit.), 
the samples being run into a large volume of cold acetone in order to stop the reaction, and 
titrated with ca. 0-01N-sodium hydroxide with lacmoid as indicator. 
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408. Addition Reactions of Quinones. PartI. The Reaction of Cysteine 
and Thiourea and its Derivatives with Some Quinones. 


By H. Burton and (Mrs.) S. B. Davi. 


The formation of additive compounds from various quinones and cysteine, 
thiourea, and N-arylthiourea is investigated. Under suitable conditions S- 
2 : 5-dihydroxyphenylthiourea undergoes hydrolysis to a hydroxybenzo- 
thioxolone which can be hydrolysed further to mercaptoquinol. 


It has long been known that the simple quinones will dehydrogenate amino-acids, especially 
in an alkaline medium. We were particularly interested to know whether an amino-acid 
such as cysteine could be made to add, under suitable conditions, to the quinone molecule 
since one of us has postulated (cf. J. Soc. Dyers & Col., 1950, 66, 474) that this type of 
addition may occur during the formation of naturally occurring melanins. Preliminary 
experiments with cysteine and benzo- or 1 : 4-naphtha-quinone showed that under a variety 
of experimental conditions highly coloured products were produced. 


Oo oO 


O\/\Me 


~ NH 
th. JAN; 0 : 
CH-CO,H 


Such products appeared to be mixtures but it seemed to us that, in an acidic medium, 
condensation of a S-benzoquinonylcysteine, if initially produced, to a thiazine of type (I) 
by loss of water between the amino-group of the side-chain and the adjacent quinone 
oxygen atom might possibly occur. It is also possible for (I) to undergo dehydrogenation 
to the true thiazine (cf. Ia) if an excess of the quinone is present at any stage of the reaction. 
We were able to show that 2-methyl-1 : 4-naphthaquinone (2 mols.) with cysteine (1 mol.) 
in a slightly acid medium gave the highly coloured S-3-methyl-1 : 4-naphthaquinon-2-yl- 
cysteine (II): the compound had the correct analytical composition and the expected 
properties. Reductive acetylation of (II) gave a colourless non-acidic product which 
did not react with dilute alkali carbonate solution : its high carbon content suggested that 
loss of carbon dioxide occurred during its formation and we suggest that the product 
may be entirely or, more probably, partly a reduced thiazine derivative (cf. above). 

We had carried out many experiments with thiourea and various quinones in acidic 
media especially, when our attention was drawn to a statement by Schubert (J. Amer. 
Chem. Soc., 1947, 69, 712) that in aqueous hydrochloric acid benzoquinone and thiourea 
gave the colourless hydrochloride of a 1 : l-additive compound, whilst 2-methyl-l : 4- 
naphthaquinone gave the hydrochloride of an anhydro-derivative of a 1 : 1-additive com- 
pound. We have not been able to confirm the latter observation : we find that the above 
quinones, tolu-2 : 5-quinone, and 1 : 2- and 1 : 4-naphthaquinone all give genuine 1: | 
additive compound hydrochlorides although in one case the salt was hydrated. It seemed 
extremely probable that the hydrochloride from benzoquinone and thiourea was, as 
suggested by Schubert (loc. cit.), S-2 : 5-dihydroxyphenylthiuronium chloride (III) and 
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not the isomeric N-2 : 5-dihydroxyphenyl derivative, but no proof of the structure was 
given. We have been able to prove the structure in a very simple manner since S-2 : 5- 
dihydroxyphenylthiuronium acetate undergoes hydrolysis in boiling aqueous acetic acid 
to give a good yield of 2’-hydroxy-4 : 5-benzothioxol-2-one (V) which was presumably 


, ae aa 
OH ,NH,}CI- | 3 
(Sse WA AS 
\Z. NH 
OH 


—~ 4 
\Y Rey 


(IIT) (IV) (V) 


formed by way of 2: 5-dihydroxyphenyl thiocyanate and the imino-thioxole (IV). The 
possibility of arearrangement of the type, R-NH-C(SH):NH, ‘}Cl- == NH-C(SR):NH,*}CI- 
(R = acyl), investigated by Dixon and Taylor (J., 1920, 117, 720) is not excluded but it 
appears to us to be unlikely since in (III) R is aryl and not acyl. We find that (V) gives a 
monoacetate and is stable to hot dilute sulphuric acid and zinc—dilute sulphuric acid, but 
is rapidly hydrolysed by alkali hydroxide. In the presence of air a dark brown solution is 
rapidly formed, but in the absence of oxygen the solution remains colourless and an almost 
quantitative yield of mercaptoquinol (VI) results. 

Compounds of types (IV) have been claimed (F.P. 852,020: cf. Kaufmann, ‘‘ Newer 
Methods of Preparative Organic Chemistry,’’ Interscience Publ. Inc., New York, 1948, 
p. 379) to result when suitably constituted dihydric phenols are treated with thiocyanating 
agents; they are stated to be hydrolysed by acids to compounds of type (V). «The example 
quoted by Kaufmann (op. cit.) appears to us to be an improbable one: the compound 
formed from resorcinol would undoubtedly be 3’-hydroxy-4 : 5-benzothioxol-2-one and not 
the 1’-hydroxy-derivative. 

Inconclusive results were obtained (see Experimental) when (III) was hydrolysed in 
more acidic or in alkaline media. The formation of coloured products under such con- 
ditions does not however warrant Schubert’s description of the hydrochlorides as unstable 
compounds: we have kept specimens for several vears without any decomposition having 
taken place. 

We have not had the opportunity to investigate the hydrolysis of the other S-dihydroxy- 
arylthioureas to see if the formation of compounds of type (V) is general, since one of 
us can no longer participate in the work. 

We have also found that benzoquinone will react with N-1- and -2-naphthylthioureas 
in aqueous hydrochloric acid, forming thiuronium salts; experiments with N-phenyl- 
thiourea indicated addition both to benzoquinone and to 1 : 4-naphthaquinone but the 
results were very variable. 


EXPERIMENTAL 

S-3-Methyl-1 : 4-naphthaquinon-2-ylcysteine (II).—A solution of cysteine hydrochloride 
(1-6 g.) and sodium acetate trihydrate (1-4 g.) in water (ca. 8 c.c.) was mixed with a solution of 
2-methyl-1 : 4-naphthaquinone (3-44 g.) in methanol (90 c.c.), and the mixture kept in a stoppered 
flask at ca. 35° for 60 hours, during which a greenish-black solid (2 g.) separated. This was 
filtered off and washed first with aqueous methanol and finally with water; the dried material 
did not melt below 280°. It dissolved in cold aqueous sodium carbonate, giving a green solution 
which became purple when heated, in cold aqueous sodium hydroxide to a deep purple solution, 
and in boiling acetic acid to a red solution. It could not be recrystallised satisfactorily but the 
analytical data indicated that it was S-3-methyl-1 : 4-naphthaquinon-2-ylcysteine (Found : 
C, 57-6; H, 4-1; N, 4-65; S, 10-8. C,,H,,0,NS requires C, 57-7; H, 4:5; N, 4:8; S, 11-0%). 

A mixture of the above compound (2 g.), acetic acid (7-5 c.c.), acetic anhydride (15 c.c.), 
and zinc dust (6 g.) was refluxed for 8 hours, then filtered whilst still hot, and the filtrate added 
to crushed ice. The solid which separated was filtered off and washed with dilute sulphuric 
acid, and then with water. Crystallisation of the air-dried material from benzene—methanol 
gave almost colourless needles of a substance, m. p. ca. 125° after softening from 100° (Found : 
C, 67-4; H, 63%), which were insoluble in aqueous sodium carbonate and slightly soluble in 
cold dilute sodium hydroxide (probably because of hydrolysis of the acetoxy-group present). 

S-2 : 5-Dihydroxyphenylthiuronium chloride (I11).—This was prepared in 72% yield essentially 
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by Schubert’s method (loc. cit.); the purified colourless compound became red at 150° and after 
progressive blackening decomposed at 160° (Found: C, 38-5; H, 4-4; N, 12-3; Cl, 15-8; S, 
14-5. Calc. for C;H,O,N,CIS: C, 38-1; H, 4-1; N, 12-7; Cl, 16-1; S, 145%). 

The following thiuronium salts were prepared by shaking a mixture of thiourea (3 g.), the 
appropriate quinone (1 g.), and alcohol (10 c.c.) in 2N-hydrochloric acid (4 c.c.) until complete 
dissolution occurred, and then leaving the mixture at 0° for at least 3 days. The almost colour- 
less solid products which had then separated were purified by dissolving them in the minimum 
amount of cold water, stirring the solution with a little charcoal, filtering, and adding concen- 
trated hydrochloric acid (one-quarter of the total volume) to the filtrate ; the colourless products 
which then separated were filtered off and dried in an ordinary desiccator over calcium chloride. 

S-2 : 5-Dihydroxy-4-methylphenylthiuronium chloride (from  tolu-2: 5-quinone), decomp. 
185—195° (Found: C, 40-9; H, 4-9; N, 11-6; Cl, 14-9; S, 13-8. C,H,,O,N,CIS requires C, 
40-9; H, 4:7; N, 11-9; Cl, 15-1; S, 13-6%). 

S-1 : 4-Dihydroxy-2-naphthylthiuronium chloride hydrate (from 1: 4-naphthaquinone), de- 
comp. 170—180° (Found: C, 45-9; H, 4-7; N, 9-9; Cl, 11-9; S, 11-0; H,O, by loss at room 
temp. /high vac. over P,O,, 6-4. C,,H,,O,N,CIS,H,O requires C, 45-8; H, 4:5; N, 97; Cl, 
12-3; S, 11-1; H,O, 6-2%). 

S-3 : 4-Dihydroxy-1-naphthylthiuronium chloride (from 1: 2-naphthaquinone), decomp. 
215—218° (Found: C, 48-5; H, 4:3; N, 10-3; Cl, 13-2; S, 11-8. C,,H,,O,N,CIS requires C, 
48-8; H, 4:1; N, 10-3; Cl, 13-1; S, 11-8%). 

S-1 : 4-Dihydroxy-3-methyl-2-naphthylthiuronium chloride (from  2-methyl-1l : 4-naphtha- 
quinone), blackens at 250° (Found: C, 51-4; H, 45; N, 935; Cl, 12-2; S, 11-0. 
C,,H,,;0,N,CIS requires C, 50-6; H, 4-6; N, 9-8; Cl, 12-5; S, 11-2%). No evidence for the 
formation of an anhydro-compound (Schubert, Joc. cit.) was obtained. 

2’-Hydroxy-4 : 5-benzothioxol-2-one (V).—A solution of S-2 : 5-dihydroxyphenylthiuronium 
chloride (2-2 g.) and anhydrous sodium acetate (0-8 g.) in water (4 c.c.) and acetic acid (10 c.c.) 
was boiled under reflux for 2 hours. The cooled solution was diluted with water, and the 
resulting white precipitate filtered off and washed with water. The thioxolone (1-3 g.) separated 
from alcohol in colourless needles, m. p. 170—171° (Found: C, 50-1; H, 2-5; S, 189%; M, 
154. C,H,O,S requires C, 50-0; H, 2-4; S, 190%; M, 168). 

The thioxolone was recovered unchanged after treatment with boiling concentrated hydro- 
chloric acid until dissolution occurred, and it was not appreciably altered by treatment with 
zinc dust in boiling aqueous ethyl-alcoholic sulphuric acid during 5 hours. 

Acetylation with acetic anhydride and a little 72% perchloric acid gave 2’-acetoxy-4: 5- 
benzothioxol-2-one, colourless needles (from benzene or ethyl alcohol), m. p. 88° (Found: C, 
51-5; H, 2-7; S, 15-2. CyH,O,S requires C, 51-4; H, 2-9; S, 15-2%), in almost quantitative 
yield. 

Mercaptoquinol (VI).—2’-Hydroxy-4 : 5-benzothioxol-2-one (2-5 g.) was dissolved in oxygen- 
free 2N-sodium hydroxide (25 c.c.) in a nitrogen atmosphere and the solution boiled for 1 hour 
in a stream of oxygen-free nitrogen : no sodium sulphide was present in the solution (negative 
test with sodium nitroprusside). The solution was allowed to cool in nitrogen to room tem- 
perature and was then acidified with 2N-sulphuric acid whereupon evolution of some carbon 
dioxide occurred. The solution was then saturated with sodium sulphate and extracted thrice 
with ether; the ethereal extracts were evaporated immediately in a vacuum-desiccator (P,O,), 
and the resulting solid (2-2 g.) crystallised from chloroform-—ethyl acetate (10: 1), giving almost 
colourless, flat prisms, m. p. 118° (Found: C, 50-4; H, 4:2; S, 22-7. Calc. for CgH,O,S: C, 
50-7; H, 4-2; S, 22-5%), of mercaptoquinol. The compound was identical (m. p. and mixed 
m. p.) with that prepared by Alcalay’s method (Helv. Chim. Acta, 1947, 30, 578), and was further 
characterised by oxidation with iodine in ether—chloroform to bis-2 : 5-dihydroxyphenyl di- 
sulphide, m. p. 179—180° (cf. Jacini, Gazzetta, 1947, 77, 252). 

In our hands Alcalay’s method for the preparation of mercaptoquinol gave a product (m. p. 
114°) which appeared to be contaminated with a small amount of a persistent impurity; four 
or five recrystallisations were necessary to raise the m. p. to 118°. 

Hydrolysis of S-2 : 5-dihydroxyphenylthiuronium chloride with boiling hydrochloric acid 
under varying conditions usually gave red products (cf. Schubert, Joc. cit.); in one case some 
impure quinol, identified by conversion into its diacetate, was obtained. 

Hydrolysis with boiling N-sodium hydroxide invariably led to dark solutions. Crystalline, 
nitrogen-free materials containing a high proportion of sulphur (e.g., Found: S, 21-3%) were 
often isolated after acidification; these were obviously impure oxidation products of mercapto- 
quinol. 
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Reaction of Benzoquinone with N-Arylthioureas.—Benzoquinone (1 g.) was added to a solution 
of the N-arylthiourea (5 g.) in the minimum volume of 50% aqueous alcohol to which was 
added 25% of its volume of concentrated hydrochloric acid. The mixture was stirred for 1—2 
days at room temperature, then filtered, and the filtrate kept at 0° until no further solid material 
separated. The solid thereby obtained was not completely soluble in cold water; addition of 
concentrated hydrochloric acid to the filtrate gave the microcrystalline hydrochlorides of the 

‘appropriate addition products. S-2: 5-Dihydroxyphenyl-N-l-naphthylthiuronium chloride 
was obtained as a monohydrate, m. p. 140° (orange melt) (Found: C, 56-0; H, 4:6; N, 7-8; Cl, 
9-4; S, 8-8. C,,H,,0,N,CIS,H,O requires C, 56-0; H, 4-7; N, 7-7; Cl, 9-7; S, 88%). 

S-2 : 5-Dihydroxyphenyl-N-2-naphthylthiuronium chloride was obtained as a_ buff-coloured 
powder, m. p. ca. 200° (decomp.) (Found: N, 8-1; Cl, 10-0. C,,;H,,0,N,CIS requires N, 8-1; 
Cl, 10-2%). 

N-Phenylthiourea gave very variable results. In some cases little or no reaction occurred 
whilst under apparently identical conditions products of m. p. 165—175° (decomp.), containing 
variable amounts of ionisable chlorine, were obtained. Similar variable reactions occurred 
between N-phenylthiourea and 1 : 4-naphthaquinone. 


We thank Mr. P. F. G. Praill, B.Sc., for assistance with the preparation of the 2’-hydroxy- 
4 : 5-benzothioxol-2-one and mercaptoquinol. 


KinG’s COLLEGE OF HOUSEHOLD AND SOCIAL SCIENCE, 
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409. A Synthesis of Dibenzo{c,k|sparteine. 
By G. R. CLEMo and BHOLA NATH. 


The synthesis of dibenzosparteine (V) from diketodibenzosparteine (IV) 
is described. The latter was obtained by two routes from ethyl 2-quinolyl- 
acetate (I). 


SYNTHESIS of dibenzo[c,k]sparteine (V) has been effected from ethyl 2-quinolylacetate (I) 
by condensation with formaldehyde or methylene iodide yielding diethyl ««’-di-2-quinolyl- 
glutarate (II), or with ethyl orthoformate yielding ethyl 6-keto-7-2’-quinolyl-3 : 4-benzo- 
pyridocoline-9-carboxylate (III), followed by reductive cyclisation over copper chromite in 
dioxan to give (IV). On reduction with lithium aluminium hydride (IV) gave (V). 


CH,-CO,Et CH-CO,Et /\ 
SA Ln . 


The starting material (I) was prepared from quinaldine by Woodward and Kornfeld’s 
method (Org. Syn., 29, 44), or, more conveniently, by the alkali-amide process of Weiss 
and Hauser (J. Amer. Chem. Soc., 1949, 71, 2023). As reported by Leonard and Boyer 
(tbid., 1950, 72, 2980) the former method can be complicated by the addition of phenyl- 
lithium to the azomethine grouping of quinaldine, but conditions for the smooth production 
of (I) are given below. The products (II) and (III) were prepared from (I) by methods 
analogous to those used for the corresponding pyridyl compounds (J., 1936, 1025; 1948, 
663). 
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EXPERIMENTAL 

Ethyl 2-Quinolylacetate (1).—(a) This was prepared from quinaldine (36 g.) in the same way 
as ethyl pyridylacetate (Woodward and Kornfeld, Joc. cit.). The crude product was fractionally 
distilled under reduced pressure, giving quinaldine (24 g.), a light orange oil (2-4 g., 20% based 
on unrecovered quinaldine), b. p. 145—150°/0-4—0-6 mm., and a red viscous oil (3 g., 25% 
on the same basis), b. p. 180—185°/0-4—0-6 mm. The last crystallised in the refrigerator as 
colourless plates, m. p. 90—92°, gave a picrate, m. p. 194—196°, and possessed the same pro- 
perties as 1 : 2-dihydro-2-methyl-2-phenylquinoline (Leonard and Boyer, Joc. cit.). The lower- 
boiling paler ester oil did not crystallise (Found: C, 72-6; H, 5-85. Calc. for C,,H,,0,N: C, 
72-6; H, 6-05%). It gave a picrate, m. p. 152—153° (decomp.) (Found: C, 50-9; H, 3-4. 
Calc. for C,,H,,0,N,C,H,0O;N,: C, 51-3; H, 36%); Borsche and Manteuffel (Annalen, 1936, 
526, 22) report m. p. 152°. 

(b) A suspension of sodamide prepared from sodium (9-2 g.) in dry ether (100 ml.) was stirred 
with exclusion of air and moisture while quinaldine (57-2 g.) in an equal volume of dry ether 
was added. The mixture was then heated to the b. p. on the steam-bath, ether (600 ml.) was 
added gradually as the ammonia was liberated, and the mixture was finally refluxed and stirred 
for 10 hours. After cooling, ethyl carbonate (23-6 g.) in dry ether (50 ml.) was added gradually 
at such a rate as to maintain gentle refluxing. The mixture was stirred for 1 hour, cooled 
in an ice-bath, and acidified (3N-hydrochloric acid), the acid solution saturated with sodium 
hydrogen carbonate, and extracted with ether, the extract washed with water and dried (Na,SO,), 
the solvent removed, and the deep orange liquid fractionated, giving quinaldine (36 g.) and a 
light orange liquid (7 g., 34%), b. p. 140—145°/0-4—0-6 mm. (Found: C, 72-5; H, 6-2. Calc. 
for C,;H,,0,N: C, 72-6; H, 605%). The picrate (from ethanol) had m. p. 152—153°, not 
depressed when mixed with picrate of ethyl 2-quinolylacetate prepared by method (a) (Found : 
C, 51-6; H, 3-5%). 

Ethyl 6-Keto-7-2’-quinolyl-3 : 4-benzopyridocoline-9-carboxylate (III).—A mixture of ethyl 
2-quinolylacetate (8 g.), ethyl orthoformate (10 g.), and acetic anhydride (12 ml.) was refluxed 
for 3hours. The acetic anhydride and excess of orthoformic ester were distilled off in a vacuum, 
and the residue was dissolved in benzene, decolourized with charcoal and filtered. On addition 
of a large volume of light petroleum to the filtrate and cooling, light yellow ethyl 6-keto-7-2’- 
quinolyl-3 : 4-benzopyridocoline-9-carboxylate (2-4 g.) was obtained, having m. p. 150—155°, 
raised to 161—162° by two crystallisations from light petroleum (Found: C, 75-9; H, 4:8. 
C,5H,,0,;N, requires C, 76-1; H, 46%). The solution showed a green fluorescence. The 
picrate, m. p. 178—179° (decomp.), crystallised from acetone (Found: C, 596; H, 3-5. 
Cy5H,,03N2,C,H,O,N, requires C, 59-7; H, 3-4%). 

Diethyl aa’-Di-2-quinolylglutarate (II).—(a) A mixture of ethyl 2-quinolylacetate (5 g.), 
paraformaldehyde (0-5 g.), and a drop of piperidine was heated. At about 100° the reaction 
became slightly exothermic. The temperature was raised to 140° and kept thereat for 10 
minutes and then at 30° for 36 hours. On distillation under reduced pressure the water and 
some starting material distilled to 140° /0-4—0-6 mm., being followed by a viscous red oil (2-1 g.), 
b. p. 180—200°/0-4—0-5 mm. The diestéer redistilled at 190—197°/0-4—0-6 mm. (Found: C, 
72-95; H, 6-1. C,,H,,O,N, requires C, 73-3; H, 59%). The dipicrate, crystallised from 
acetone, had m. p. 198—201° (Found: C, 52:3; H, 3-6. C,,H,,0,N,,2C,H,O,N, requires 
C, 52-0; H, 36%). The dark brown distillation residue was dissolved in benzene, decolourised 
with charcoal, and filtered. Addition of light petroleum to the filtrate gave, after 2 days, brown 
crystals (0-3 g.), which recrystallised from light petroleum in yellowish-brown crystals, m. p. 
160—162°, not depressed by admixture with (III). The picrate had m. p. 178—180° (decomp.), 
not depressed by that of (III). 

(b) Asolution of ethyl 2-quinolylacetate (5 g.) in dry benzene (15 ml.) was added to a suspension 
of finely powdered potassium (1-5 g.) in dry benzene (100 ml.) during 30 minutes with stirring. 
The reaction mixture was refluxed for 2 hours, methylene iodide (5-5 g.) added dropwise to the 
well-stirred mixture, and the whole refluxed 6 hours. The reaction mixture was cooled in ice 
and treated with an excess of dilute hydrochloric acid. The aqueous layer was separated, 
basified (K,CO;), and extracted with ether, the extract dried (Na,SO,), the solvent removed, 
and the residue distilled, giving diethyl a«’-di-2-quinolylglutarate as a red oil (1-23 g.), b. p. 190— 
200°/0-4—0-5 mm. (Found: C, 73-3; H, 64%). The picrate crystallized from acetone had 
m. p. 197—199°, not depressed when mixed with the picrate obtained by method (a) (Found : 
C, 51-8; H, 33%). 

6 : 13-Diketodibenzo[c, k]sparteine.—(a) From (III). The ester (III) (3 g.), copper chromite 
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(2 g.) and purified dioxan (50 ml.) were heated at 200—220°/200—230 atm. under hydrogen for 
24 hours. The catalyst and solvent were removed and the residue on distillation gave the 
dilactam as a light yellow oil (1-6 g.), b. p. 115—122°/0-5 mm. (Found: C, 77-3; H, 61. 
C,3;H,,0O,N, requires C, 77-1; H, 6-2%). 

(b) From (II). Diethyl a«’-di-2-quinolylglutarate (2 g.), copper chromite (1-5 g.), and purified 
dioxan (60 ml.) were subjected to reductive cyclization at 200—230° /220—230 atm. for 3 hours. 
After removal of the catalyst and the solvent, the product was distilled under reduced pressure, 
yielding a light yellow oil (0-8 g.), b. p. 113—120°/0-4—0-6 mm. (Found: C, 77-3; H, 6-2%). 

Dibenzo|c,k)sparteine.—A solution of the diketodibenzosparteine (1 g.) in dry ether (5 ml.) 
was added dropwise to a solution of lithium aluminium hydride (excess) in dry ether (15 ml.). 
The mixture was refluxed overnight, the solvent removed, and after the residue had been cooled 
in an ice-bath enough water was added, cautiously, to decompose the unused lithium aluminium 
hydride. The insoluble complex was heated under reflux with dilute sulphuric acid (10%) for 
1 hour. The clear solution was made strongly alkaline (K,CO,), extracted with chloroform, 
and dried (Na,SO,), the solvent removed, and the product distilled, yielding the base as an 
oil (0-6 g.), b. p. 130—135° /0-5—0-6 mm. (Found: C, 83-8; H, 8-0. C,,H,,N, requires C, 83-6; 
H, 7:9%). Its dipicrate, crystallized from ethanol, had m. p. 156—158° (Found: C, 53-1; 
H, 4:0; N, 14:2. C,3H,.N,,2C,H,O,N, requires C, 53-3; H, 4-1; N, 142%). 

UNIVERSITY OF DURHAM, KING’s COLLEGE, 

NEWCASTLE-ON-TYNE, I. [Received, March 4th, 1952.) 


410. Organometallic and Organometalloidal Fluorine Compounds. 
Part I11.* Trifluoromethyl Derivatives of Sulphur. 


By G. A. R. Branpt, H. J. Emevéus, and R. N. HAszeELDINE. 


The interaction of sulphur and trifluoroiodometharie yields bistrifluoro- 
methyl disulphide, (CF;),5,, carbon disulphide, thiocarbonyl fluoride, and 
polysulphides. The structure of bistrifluoromethyl disulphide is proved 
chemically and its unusual hydrolysis is considered. On irradiation in presence 
of mercury the disulphide yields bis(trifluoromethylthio)mercury, (CF,S),Hg ; 
irradiation in absence of mercury gives bistrifluoromethyl] sulphide, (CF;),5. 


THE synthesis and reactions of trifluoromethylmercuric iodide and of bistrifluoromethy]- 
mercury were described in Parts I and II (Emeléus and Haszeldine, J., 1949, 2948, 2953). 
The present communication describes the use of perfluoroalkyl iodides, as typified by 
trifluoroiodomethane, for the preparation of perfluoroalkyl derivatives of sulphur (pre- 
liminary publication, Nature, 1950, 166, 225). 

Application of the general methods for the preparation of alkyl sulphides to trifluoro- 
iodomethane is unlikely to give good yields of the fluoroalkyl sulphides, since heterolytic 
fission of the carbon—iodine bond in trifluoroiodomethane involves the so-called ‘‘ positive- 
iodine ’’ mechanism (Banus, Emeléus, and Haszeldine, J., 1951, 60) : 

a. 2. 
OH- + I—CF, —>» HOI +CrF,- 

Very few polyhalogenated alkyl sulphides and polysulphides are known. Riche 
(Annalen, 1854, 92, 353; Ann. Chim. Phys., 1854, 48, 283) prepared bistrichloromethyl 
sulphide by the action of chlorine on dimethyl sulphide, and Feichtinger and Moos (Ber. 
1948, 81, 371) showed that it readily decomposed into carbon tetrachloride and thiocarbonyl 
chloride : 

CCl,S‘CCl, —» CCl, + CSCI, 


Polyhalogenated methyl di- and tri-sulphides can be prepared by the action of chlorine 
or bromine on carbon disulphide (Klason, Ber., 1887, 20, 2379; Hell and Urech, Ber., 1882, 


* Part II, Emeléus and Haszeldine, J., 1949, 2953. 
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15, 273; Sanna and Stefano, Gazzetta, 1942, 72, 305), and bistrichloromethy! disulphide 
has also been obtained by the action of silver dust on perchloromethanethiol : 


2CCl,SCl + 2Ag —> CCl,S-S-CCl, + 2AgCl 


The last compound decomposes on distillation at atmospheric pressure to give perchloro- 
methanethiol and thiocarbonyl chloride : 


CCl,°S*S°CCl, ——» CCl,°SCl + CSCI, 


In view of the instability of bistrichloromethy] sulphide and disulphide, it is probable that 
their conversion into the corresponding fluorine compounds by halogen exchange with, say, 
antimony trifluoride would be difficult, if not impossible. 

The fluorination of aliphatic ethers to the corresponding perfluoro-ethers [CF;*[CF,],],O 
has been described (Haszeldine, Research, 1951, 4, 378, and XIIth Meeting, Int. Congr. 
Pure & Appl. Chem., New York, 1951), but the similar treatment of aliphatic sulphides or 
polysulphides has not been reported. In fact, only one trifluoromethyl derivative of 
sulphur has been described: Silvey and Cady (J. Amer. Chem. Soc., 1950, 72, 3624) have 
shown that the fluorination of carbon disulphide by cobalt trifluoride yields trifluoromethy]l- 
sulphur pentafluoride, CF,°SF;, as the main product. Chlorofluoroethyl sulphides and 
disulphides have been obtained from tetrafluoroethylene by reaction (at 100—150° under 
pressures up to 1000 lb./sq. in.) with sulphur dichloride or disulphur dichloride, e.g., 
(CF,CI-CF,),S and (CF,Cl*CF,).S, (Raasch, U.S.P. 2,451,411; Chem. Abs., 1949, 43, 6646). 

It has now been shown that trifluoroiodomethane and sulphur react at temperatures 
above 200° to give a product whose composition depends on the temperature and on the 
vessel used. In a stainless-steel autoclave at 260° the main product is C,S,F¢, b. p. 35°, 
which has been shown to be bistrifluoromethy]l disulphide; the same product is produced 
in smaller yield in glass vessels at 205—210°: the other products are discussed below. 
Bistrifluoromethyl disulphide has a normal value for Trouton’s constant and is insoluble 
in, and unaffected by, water or hydrochloric acid at room temperature. With aqueous 
sodium hydroxide at room temperature, however, it is rapidly and completely hydrolysed 
to fluoride, carbonate, sulphide, and polysulphides, but fluoroform is not produced. The 
mechanism of this unusual hydrolysis is discussed below. 

The structure of bistrifluoromethyl disulphide was proved by establishing the number 
of trifluoromethyl groups present by the series of reactions now described. Bistrifluoro- 
methyl disulphide was substantially unchanged when heated to 300° with hydrogen in the 
absence of a catalyst and neither trifluoromethanethiol nor fluoroform was detected. 
Partial decomposition of the disulphide to metal fluoride and sulphide without the form- 
ation of fluoroform was brought about in a single experiment with hydrogen and Raney 
nickel. Passage of bistrifluoromethy] disulphide over cobalt trifluoride at low temperature 
yielded trifluoromethylsulphur pentafluoride, however : 


CoF, 
CF,S,CF, ———> CF,SF, 
and indicated the presence of at least one CF, group. Structures for C,S,F, such as 
CF,(SF)-CF,°SF could not be completely eliminated, however, on basis of this fluorination 
reaction. 

Treatment of bistrifluoromethyl disulphide with iodine at temperatures up to 290° 
failed to yield trifluoroiodomethane. The resistance of the CF,;-S bonds to fission by 
iodine may be compared with the ready conversion of trifluoromethyl] derivatives of arsenic 
and phosphorus into trifluoroiodomethane at moderate temperatures (unpublished observ- 
ations in this laboratory). The disulphide was stable to chlorine at 120°, but at higher 
temperatures sulphur chlorides and chlorotrifluoromethane were formed : 


c 

CF,‘SyCF; onntbatlie 2CF,Cl + S,Cl,, ete. 
At 360°, more than 1-65 moles of chlorotrifluoromethane were formed per mole of bistri- 
fluoromethy] disulphide, and on the basis of this reaction structures for C,S,F, which con- 
tained —SF, =SF,, —SF;, or =SF- groups and might therefore have explained the ready 
attack by alkali, could be eliminated, since they contained no, or only one, CF, group. 
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The presence of two trifluoromethyl groups in the disulphide being established, it 
remained to show whether the sulphur atoms were arranged linearly or were branched, 1.<., 
CF,—S CF,—S—-CF, 

(1) : : or Y (II) 
s-CF, $ 

There is little evidence of branched sulphur chains in any of the known polysulphides. 
Electron-diffraction and X-ray data show that the sulphur chain normally has a zig-zag 
structure, although the possibility of isomerisation to the branched-chain structure on 
thermal or photochemical activation cannot be eliminated. Bistrifluoromethy] disulphide 
has a maximum absorption in the ultra-violet at 235 my (Part IV, following paper), and 
strong evidence for the absence of a branched chain was afforded (on the assumption of 
no isomerisation on irradiation) by its reaction with mercury in ultra-violet light to give 
a good yield of bis(trifluoromethylthio)mercury : 


He 
CF,S‘S‘CF, ———> Hg(S-CF;), 
Bistrifluoromethylmercury or trifluoromethyl(trifluoromethylthio)mercury which might 
be expected from structure (II) : 
CF,—S—CF, AF, 
Y Hg + HgS 
\SCF, 
2CF,—S—CF, Hg(CF,), + Hg(S-CF,), + 2HgS 


S 


were not formed. 

Bis(trifluoromethylthio)mercury resembles bistrifluoromethylmercury (Emeléus and 
Haszeldine, loc. cit.), since it is a white crystalline solid which sublimes readily at atmospheric 
pressure and is soluble in organic solvents but is also soluble in water, and is not decomposed 
by dilute nitric acid. These properties may be compared with those of bismethylthio- 
mercury, which has a high melting point (175°) and is insoluble in water and most solvents 
(Klason, Ber., 1887, 20, 3410). Similarly, bisethylthiomercury (m. p. 76—77°) is only 
slightly soluble in hot alcohol and is insoluble in water (Otto, Ber., 1880, 13, 1289). 

The evidence given above shows that the compound C,S,F, has the structure CF,°S°S’CF,. 
This is also consistent with the infra-red absorption spectrum of the compound which is 
discussed in detail, together with its ultra-violet spectrum and spectra of (CF,;),S and 
related compounds in Part IV (following paper). 

The hydrolysis of bistrifluoromethyl disulphide by dilute alkali thus involves the 
destruction of two CF, groups. Compounds containing such groups can be divided into 
three classes, based on their reaction with aqueous alkali: (1) Those which show great 
stability, e.g., CF,*[CF,],"CF,, CgH,°CF,, CF,Cl, CF,Br, CF,I, CF;H, CF,-O-CF;, CF,°S°CF;, 
CF,SF;, (CF;)3N, (CF;).NF, CF,-NF,, CF,"NN-CF,, CF,-CO,H. (2) Those which liberate 
fluoroform, e.g., (CF;),As, (CF;),P, (CF;),;Sb (unpublished results, this laboratory), 
CF,°CO-CF,, CF,-CHO, C,H,;*CO-CF;. (3) Those which give fluoride ion, completely or 
partly, e.g., CF,-OF, (CF,),As*As(CF3)., (CF3).NH, CF,°O°O-CF,. Class (1) includes the 
majority of the CF, compounds now known, but Class (3), to which bistrifluoromethyl 
disulphide must now be added, has only a few members. Bistrifluoromethy] disulphide is 
the sulphur analogue of the bistrifluoromethy] peroxide isolated by Swarts (Bull. Soc. chim. 
Belg., 1933, 42, 102). This peroxide, although more stable to alkali than the disulphide, is 
slowly hydrolysed with complete decomposition. The peroxidic nature of the compound 
was established by its reaction with aqueous iodide solution : 


CF,-0-O-CF, + 2I- + 2H,O ——> I, + 2CO, + 4HF + 2F- 


Bistrichloromethy] disulphide is also completely decomposed by aqueous alkali (Hell 
and Urech, loc. cit.) and the monosulphide is even more unstable (Feichtinger and Moos, 
loc. cit.). Since bistrifluoromethyl sulphide (see below) is stable to aqueous alkali, how- 
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ever, the instability of the chloro-compounds may be due to the instability of the CCl, 
group itself. 


It is postulated that the hydrolysis of bistrifluoromethy] disulphide takes place by the 
mechanism : 


NaOH 
CF,S‘S‘CF, ———> CFySH +  CF,S-OH 


| 


F-,CO,-,S- <— F,C:iS + HF F-, CO,=, $= 


that is, hydrolytic fission of the S-S bond by alkali to give trifluoromethanethiol and 
trifluoromethanesulphenic acid which react further to give fluoride, carbonate, and 
sulphides. Alternatively, since sulphur is liberated in the hydrolysis, we may have 


NaOH 
CFyS‘SCF, —> CFySH +$ + CF,-OH 


F~, CO,-, $= HF + F,C:;0 — >» F-,CO,-, S=- 


The mechanism for the hydrolysis of trifluoromethanethiol is analogous to that proposed 
for the decomposition of perfluoro-lactones (Haszeldine, Nature, 1951, 168, 1028) : 


F,-OH -O,H 
(CF i]s ? (CF ale + 2F- 
F,-CO,H CF,-CO,H 


Alkyl sulphides and disulphides are usually stable towards dilute alkali. At temperatures 
above 100°, however, the disulphide bond is broken and the initial products are probably 
mercaptides and sulphenic acids which react further with alkali to give mercaptides and 
sulphinates (Price and Twiss, J., 1910, 97, 1175; Schéberl, Annalen, 1933, 507, 111; Ber., 
1934, 67, 1545; Naturwiss., 1935, 24, 291) : 


RSS*R + KOH —— R’SK + R’S*OH 
2R°S‘OH + 2KOH -—— R‘SK + R‘SO,K + H,O 
When the disulphide group has an adjacent negative group, e.g., carboxyl (cf. CF,), 


hydrolysis to sulphide takes place. Thus, dimethylthiodiglycollic acid with N-sodium 
hydroxide at 100° (Schéberl, Ber., 1937, 70, 1186) reacts as follows : 


NaOH 
Capron H-CH, ——> ene) hy + ae) tt 
O 


3H CO,H O,H 


NaOH 
CH,-CH(S-OH)-CO,H —> CH,-CO-CO,H + H,S 


O,H 


Bistrifluoromethyl disulphide is the main product from the reaction of trifluoroiodo- 
methane with sulphur. Amongst the other products still under investigation are carbon 
disulphide, the polysulphides CF,°S,°CF, and CF,°S,°CF,, and thiocarbony] fluoride. The 
formation of the last compound apparently involves the glass of the reaction vessel since 
it is not formed in an autoclave reaction. It was not completely separated from the silicon 
tetrafluoride which was also formed in the reaction in glass vessels. The formation of 
thiocarbony] fluoride is analogous to that of carbonyl fluoride from trifluoroiodomethane 
and oxygen in ultra-violet light (Banus, Emeléus, and Haszeldine, J., 1950, 3041) : 


0. 
CFI ———l> COF, 4 


CF,I —> CSF, +... 
Thiocarbony] fluoride is not formed when bistrifluoromethy] disulphide is heated to 250° 
(cf. the preparation of thiocarbonyl chloride from bistrichloromethyl disulphide). It has 


been reported (B.1.0.S. Final Report 1595, Item No. 22) that Ruff prepared carbonyl 
7B 
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fluoride from carbon disulphide and iodide pentafluoride, but details have not yet been 
published. 

The photolysis of bistrifluoromethyl disulphide in a silica vessel yields bistrifluoro- 
methy] sulphide and sulphur : 


hy 
CFyS‘S‘-CF, ——> CF,S-‘CF, +S 


apparently via the formation of an intermediate viscous liquid which on further irradiation 
changes into rhombic sulphur. Irradiation of bistrifluoromethyl] disulphide in Pyrex glass 
gave no reaction as is to be expected from the ultra-violet spectrum (Part IV, where the 
infra-red spectrum is also recorded). 

The mechanism. of the photolysis of bistrifluoromethyl disulphide is not yet clear. 
Possibly irradiation leads to isomerisation of the disulphide followed by S>S bond fission : 


CFyS'‘S-‘CF, == CF,S‘CF, —> CF,S-‘CF, +S 


It seems, however, more probable that homolytic cleavage of the S-S bond occurs to give 
two CF,’S: free radicals, a view which is supported by the smooth formation of bis(trifluoro- 
methylthio)mercury in the presence of mercury. To determine whether the photolysis of 
the disulphide involved attack on it by free trifluoromethyl radicals produced by carbon- 
sulphur bond fission, a mixture of it with trifluoroiodomethane was irradiated in Pyrex; 
it is known that the fluoroiodide produces trifluoromethyl] radicals under such conditions. 
Neither bistrifluoromethyl sulphide nor hexafluoroethane was produced. A tentative 
reaction mechanism is : 
CF,S‘S‘CF, —> 2CF,'S: 
CFy‘S: + CFyS‘S-CF, —» CFyS-CF, + CF,S*S- 
CFyS‘S* —> CFyS: +5 
| 


= 
2CFyS‘S+ —> CFyS*S-S-S-CF, 
CFyS: + CFyS*S'S'S‘CF, —» CF,‘S-‘CF, + CF,S*S-S-S- 
2CF,y'S‘S'S'S* —» CF,-[S],°CF,, etc. 


The formation of polysulphides would explain the intermediate viscous oil. The 
photolysis of bistrifluoromethy] disulphide is being investigated further. 

Bistrifluoromethy] sulphide is a colourless liquid, b. p. —22°, which is perfectly stable 
to aqueous alkali at 150°. It thus differs sharply from the disulphide and indicates that 
the S-S bond is necessary to obtain complete destruction of the CF, groups. 


EXPERIMENTAL 


Preparation of Trifluoroiodomethane.—Trifluoroiodomethane was prepared by interaction 
of carbon tetraiodide and iodine pentafluoride (Banks, Emeléus, Haszeldine, and Kerrigan, /., 
1948, 2190) or by interaction of iodine and silver trifluoroacetate (Haszeldine, Nature, 1950, 
166, 192; J., 1951, 584). 

Apparatus and Technique.—Volatile materials were manipulated in a vacuum system, and 
molecular weights were obtained by Regnault’s method. B. p.s were calculated from vapour- 
pressure curves determined in isoteniscopes with temperatures measured by vapour-pressure 
thermometers. Small-scale reactions were carried out in Carius tubes of ca. 50-ml. capacity ; 
reactions on a larger scale utilised a stainless-steel autoclave of 100-ml. capacity. Air was 
excluded from reactions, and all manipulations were carried out in an atmosphere of dry, oxygen- 
free nitrogen. 

Analysis was effected either by decomposition of the compound to fluoride ion by means of 
aqueous sodium hydroxide or by fusion with sodium at 600°, distillation of the fluoride as 
fluorosilicic acid, and titration with thorium nitrate solution. 

Interaction of Sulphur and Trifluoroiodomethane.—(a) In sealed tubes. There was only 
slight reaction when trifluoroiodomethane and excess of sulphur were heated to 170° for 27 hours ; 
after 48 hours at 205°, however, trifluoroiodomethane (4-0 g.) and sulphur (8-0 g.) underwent 
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appreciable reaction and only 30% of the fluoroiodide was recovered unchanged. Reaction 
at 260—270° for 96 hours caused considerable attack on the glass with formation of silicon 
tetrafluoride. 

The combined products from eight tubes of the type described above for reaction at 205° 
were fractionated to give (1) unchanged trifluoroiodomethane (20%), M, 196; (2) material boiling 
in the range —30° to —80° (20%); (3) b. p. ca. 34°/760 mm. (50%); (4) material, b. p. >35° 
(10%). Iodine and a hard mass of sulphur—iodine mixture were left in the reaction vessels. 

(b) In an autoclave. Trifluoroiodomethane (30 g.) and sulphur (25 g.) were charged into the 
autoclave, which was filled with nitrogen to atmospheric pressure before being sealed. After 
30 hours’ heating to 220°, ca. 10% reaction occurred ; further heating to 265° for 24 hours brought 
about almost complete reaction. Distillation gave the fractions described above: (1) 3%, 
(2) 0%, (3) 70%, (4) 20%. 

Bistrifluoromethyl Disulphide.—Redistillation of fraction (3) obtained as described above 
gave bistrifluoromethyl disulphide (60% yield in the autoclave) (Found: C, 11-2; F, 55-8; S, 
31-8%; M, 202. C,F,S, requires C, 11-9; F, 56-4; S, 31:7%; M, 202), b. p. 346°, whose 
structure was proved by the reactions described below. Bistrifluoromethyl disulphide is a 
colourless dense liquid with a sharp odour, stable in air and glass. In direct light mercury is 
attacked very slowly with formation of mercuric sulphide. Analysis was effected by treatment 
of bistrifluoromethyl disulphide (0-2—0-3 g.) with 15% sodium hydroxide solution (5 ml.) in a 
sealed tube, whereupon sodium fluoride was rapidly precipitated and the solution became 
yellow. After the mixture had been kept at 50° for 12 hours no volatile material remained. 
The contents of the tube were treated with hydrogen peroxide solution (10 ml., 20-vol.) and 
heated to 100° for 2 hours. Aliquots were used to determine fluoride by distillation, and 
sulphur as sulphate after removal of fluoride by evaporation to dryness with concentrated 
hydrochloric acid. 

Vapour Pressure of Bistrifluoromethyl Disulphide.—The vapour-pressure equation, calculated 
by the method of least squares, is log p (mm.) = 7-765 — 1503-1/7, whence the b. p. is calculated 
as 34-6°, the latent heat of vaporisation as 6880 cal./mole, and Trouton’s constant as 22-4. 

Examination of Fractions (2) and (4).—The material, b. p. —80° to —30°, M 70—100, 
obtained by reaction of trifluoroiodomethane and sulphur in glass vessels contained silicon 
tetrafluoride and a volatile sulphur compound. The proportion of silicon tetrafluoride increased 
with the reaction temperature. Absorption by aqueous alkali was complete and silicic acid, 
sulphide, fluoride, and carbonate were then present in solution. The sulphur compound is 
thiocarbonyl fluoride but, even after prolonged rectification in vacuo, a sample completely free 
from silicon tetrafluoride could not be obtained (faintly positive test for Si) (Found: S, 38:8%; 
M, 82. CF,S requires S, 390%; M, 82). The reactions of thiocarbonyl] fluoride are being 
investigated. 

The crude bistrifluoromethy]! disulphide fraction often consisted of two layers. The small 
upper layer was separated by condensation of the mixture into a narrow tube, freezing the 
lower layer, and allowing the upper layer to evaporate im vacuo into a separate container. 
It was shaken with sodium hydroxide solution to remove traces of bistrifluoromethy] disulphide, 
redistilled, and shown to be carbon disulphide (ca. 3% yield) (Found: M, 73. Calc. for CS, : 
M, 76), b. p. 46°. 

The material with b. p. >50° is rapidly decomposed by alkali into sulphides, fluoride, and 
carbonate and consists of polysulphides; it is being examined further. 

Reaction of Bistrifluoromethyl Disulphide with Water, Alkali, and Hydrochloric Acid.—The 
disulphide is insoluble in, and not decomposed by, water or dilute acids at room temperature. 
The reaction with 15% sodium hydroxide has been described above; a similar but slower 
decomposition is brought about by N-sodium carbonate solution. 

When the disulphide (0-1—0-2 g.) was heated in Carius tubes with 3Nn-hydrochloric acid 
(5 ml.) to 50° for 20 hours, to 100° for 48 hours, and to 200° for 48 hours, the amounts of disulphide 
recovered were 90, 40, and 0%, respectively. Elementary sulphur and fluoride ions were formed 
in the last two experiments, the walls of the vessels were etched, and the volatile products 
(carbon dioxide, and traces of silicon tetrafluoride and possibly carbonyl fluoride) were readily 
absorbed by alkali. 

Reaction of Bistrifluoromethyl Disulphide with Hydrogen.—The disulphide (0-073 g.) and 
hydrogen (30 ml./650 mm.) were heated in a Carius tube from 100° up to 200° during 10 days. 
Distillation showed that 90% of the disulphide was unchanged. After 3 days at 300°, 87% 
of the bistrifluoromethyl] disulphide was recovered. 

Raney nickel (5 g.), thoroughly washed and carefully dried in vacuo, was sealed with bistri- 
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fluoromethyl disulphide (0-119 g.) and hydrogen (150 ml./650 mm.) and heated to 150° for 48 
hours. Only 15% of the disulphide was recovered, but no fluoroform was obtained; the Raney 
nickel contained sulphide and fluoride. 

Fluorination of Bistrifluoromethyl Disulphide.—Cobalt trifluoride was prepared by passage 
of fluorine over cobalt difluoride at 250° in a 15-cm. horizontal copper tube furnace; the amount 
of available fluorine was 12 g. During 8 hours bistrifluoromethyl disulphide (0-889 g.) was 
carried into the reaction vessel, heated to 150°, by a slow stream of nitrogen. Distillation 
in vacuo gave: (1) unchanged bistrifluoromethyl disulphide (10%), (2) carbon tetrafluoride 
(not estimated), (3) sulphur fluorides, etc. (0-20 g.; M, 101) completely decomposed by 15% 
sodium hydroxide solution, (4) material condensing i vacuo in a trap cooled to — 130° (0-719 g. ; 
M, 148). After further distillation, fraction (4) was treated with 15% sodium hydroxide solu- 
tion (5 ml.) for 12 hours in a sealed tube to give, after distillation, trifluoromethylsulphur penta- 
fluoride (0-209 g.; 12%) (Found: F, 76-2; S, 16-8%; M, 195. Calc. for CF,S: F, 77-6; S, 
16-3% ; M, 196) whose vapour pressure could be represented by the equation log p (mm.) = 
6-71988 — 757-795/T — 53791-9/T? reported by Silvey and Cady (loc. cit.). Sulphur was 
determined as barium sulphate after sodium fusion. 

Reaction of Bistrifluoromethyl Disulphide with Iodine.—The disulphide (0-485 g.) and iodine 
(5 g.) were heated to 280° for 48 hours in a Carius tube; 75% of the disulphide was unchanged. 
Further heating at 290° for 48 hours failed to yield trifluoroiodomethane, and 41% of the 
bistrifluoromethy] disulphide was still unchanged. 

Reaction of Bistrifluoromethyl Disulphide with Chlorine.—Bistrifluoromethyl disulphide 
(0-550 g.) was sealed with chlorine (1-0 g.) and heated to 120° for 3 days; chlorotrifluoromethane 
was not formed, and the bulk of the disulphide was recovered. 

Chlorine (3-0 g.) and bistrifluoromethyl disulphide (0-777 g.) were heated to 160—210° for 
30 hours and the volatile products were then passed through 25% sodium hydroxide solution 
to remove sulphur chlorides and excess of chlorine. Distillation then gave chlorotrifluoro- 
methane (30%) (Found: M, 104. Calc. for CCIF,: M, 104-5), b. p. —81-7° (lit., —81-1°). 

Treatment of the disulphide (0-279 g.) with chlorine (1-33 g.) in a sealed tube at 240—260° 
for 72 hours similarly gave light brown sulphur chlorides and chlorotrifluoromethane (50%) 
(Found: Cl, 33-1%; M, 104-5. Calc. for CCIF,: Cl, 34.0%; M, 104-5). Treatment of the 
sulphur chlorides fraction with a further quantity of chlorine at 250—260° for 4 days failed to 
yield more chlorotrifluoromethane. 

When bistrifluoromethy] disulphide (0-202 g.) and chlorine (1-0 g.) were heated at 330—360 
for 5 days in a Carius tube, chlorotrifluoromethane (M, 105) was formed in 83% yield. 

Interaction of Bistrifluoromethyl Disulphide and Mercury.—(a) On heating. The disulphide 
(0-421 g.) and mercury (2 ml.) underwent no reaction at room temperature during 3 days. 
After 6 hours at 130°, no attack on the mercury could be observed, but after 3 days at 205° 
red and black solids had been formed. The volatile reaction products were recovered, viz., 
bistrifluoromethyl] disulphide (48%) and a mixture of silicon tetrafluoride and a volatile sulphur 
compound (probably thiocarbony] fluoride) which was completely absorbed by aqueous alkali. 
Examination of the solid products of reaction failed to reveal the presence of a mercurial con- 
taining CF, groups. 

(b) On irradiation. Bistrifluoromethy] disulphide (0-892 g.) and mercury (30 g.) were sealed 
in a silica tube of 100-ml. capacity. which was then shaken and irradiated for 4 days by unfiltered 
radiation from a Hanovia lamp (code name YEKUL; with an S250 U-type self-starting arc) 
at a distance of 10 cm. The walls of the tube were then lightly covered in a black powder 
(mercuric sulphide). The volatile product was bistrifluoromethyl sulphide (7%) (see below). 
The solid products were extracted with ether, the extract was dried (Na,SO,), and the ether 
evaporated at room temperature over silica gel. The solid residue was purified by sublimation 
at 65° at atmospheric pressure to give bistrifluoromethylthiomercury (0-931 g., 53%) (Found : 
F, 27-5; S, 16-0; Hg, 49-4. C,F,S,Hg requires F, 28-3; S, 15-9; Hg, 49-8%), translucent shiny 
plates, m. p. 37-5°. Analysis was effected by sodium fusion followed by determination of 
sulphur and fluorine, and by heating a sample with excess of nitric acid at 100° in a sealed tube 
followed by determination of mercury with thiocyanate. 

The mercurial, which has a pungent odour, is soluble in water; mercuric ions could not be 
detected after dissolution of the substance in dilute nitric acid. 

Reaction of Bistrifluoromethyl Disulphide with Trifluoroiodomethane.—(a) On heating. The 
disulphide (0-315 g.) and trifluoroiodomethane (4-0 g.) were heated in a sealed tube to 205° 
for 92 hours. Only a small amount of iodine and of hexafluoroethane (0-041 g.) (M, 138) were 
formed and the disulphide (0-314 g.) and fluoroiodide (3-8 g.) were recovered almost quantitatively. 
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(b) On irradiation. Trifluoroiodomethane (1-70 g.) and bistrifluoromethyl disulphide 
(0-315 g.) were irraidated in Pyrex glass for 30 days. A small amount of iodine was liberated. 
Distillation in vacuo removed ca. 80% of the disulphide, and treatment of the trifluoroiodomethane 
fraction with 15% sodium hydroxide solution to destroy disulphide, followed by redistillation, 
gave trifluoroiodomethane (1-66 g., 98%). 

Preparation of Bistrifluoromethyl Sulphide by Irradiation of Bistrifluoromethyl Disulphide.— 
In a typical experiment, bistrifluoromethy] disulphide (1-140 g.) was irradiated for 13 days ina 
silica tube of 100-ml. capacity by a Hanovia lamp placed 10 cm. distant. As reaction proceeded, 
a viscous oil was deposited on the walls of the vessel and on further irradiation it crystallised to 
a yellow solid. The volatile products were distilled in vacuo to give: (1) bistrifluoromethyl 
disulphide (0-364 g., 32%) (M, 202), (2) volatile material (0-093 g., 8%) (M, 87), (3) bistrifluoro- 
methyl sulphide (0-449 g., 39%) (Found: F, 67-2; S, 191%; M,170. C,F,S requires F, 67-1; 
S, 188%; M, 170). 

The yellow solid produced in the reaction was dissolved by carbon disulphide, the solution 
filtered, and the solvent evaporated to leave rhombic sulphur, m. p. 112-5°. Fraction (2) was 
completely decomposed by aqueous alkali and contained silicon tetrafluoride, carbon dioxide, 
and possibly thiocarbonyl] fluoride. 

The recovered disulphide [fraction (1)] was irradiated in a silica tube of 15-ml. capacity 
by ultra-violet light for 8 days, to give sulphur (ca. 10%), volatile material decomposed by alkali 
(5%), a non-volatile viscous oil (34%) on the wall of the tube, and bistrifluoromethy] sulphide 
(0-186 g., 52%). The total yield of bistrifluoromethyl sulphide was thus 0-635 g. (66%). 

No reaction occurred when bistrifluoromethyl disulphide (0-310 g.) was sealed in a Pyrex 
tube and irradiated for 8 days, or when the disulphide and trifluoroiodomethane were similarly 
irradiated. 

Properties of Bistrifluoromethyl Sulphide.—For analysis, the bistrifluoromethyl sulphide was 
freed from traces of the disulphide by treatment with aqueous alkali, then fused with sodium 
at 600°. 

The vapour pressure of bistrifluoromethy] sulphide is given by the equation log p (mm.) = 
7-816 — 1239-1/T, whence the b. p. is calculated as —22-2°, the latent heat of vaporisation as 
5650 cal./mole, and Trouton’s constant as 22-5. 

When bistrifluoromethyl sulphide (0-244 g.) was treated with 15% sodium hydroxide 
(3 ml.) at room temperature, no reaction could be detected after 12 hours. After 20 hours at 
100°, 98% of the sulphur compound was recovered unchanged, whilst after heating to 150° for 
24 hours, over 97% of the bistrifluoromethy] sulphide was recovered. 


One of the authors (G. A. R. B.) gratefully acknowledges the receipt of a British Council 
Scholarship for Finland. 
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411. The Rearrangement of NN-Diacylanilines and the Nuclear 


Benzoylation of Anilines. 
By J. F. J. Dippy and V. Moss. 

The rearrangement of diacetyl- and dibenzoyl-aniline to amino-ketones 
under the influence of freshly fused zinc chloride, first studied by Chattaway, 
has been re-examined, and the evidence now appears to favour an inter- 
molecular mechanism. The direct preparation of several amino-ketones 
from monoacylanilines and benzoyl chloride under simple Friedel-Crafts 


conditions has also been investigated, and a standard procedure is recom- 
mended which leads to improved yields of products. 


THE literature contains a few scattered references to the preparation of aromatic amino- 
ketones under Friedel-Crafts conditions (summarised by Dippy and Wood, /J., 1949, 
2179). The earlier work was that of Chattaway and his co-workers (J., 1904, 85, 386, 
589, 1663; 1912, 101, 515) who introduced acyl groups into aniline and various substituted 
anilines by heating the amine with two molecular proportions of acyl chloride at approxim- 
ately 220° in the presence of a small amount of fused zinc chloride as catalyst (5% of the 
total weight of reactants). Chattaway considered that the NN-diacylaniline was formed 
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initially, and then underwent intramolecular rearrangement to an aromatic amino-ketone, 
in the form of the monoacy] derivative, and, in support, he demonstrated that NN-diacetyl- 
aniline, when heated with zinc chloride, gave p-acetamidoacetophenone. This view was 
later supported by Derick and Bornmann (J. Amer. Chem. Soc., 1913, 35, 1269). 

We prefer, on the other hand, to regard the reaction as one of direct substitution at 
nuclear carbon along orthodox Friedel-Crafts lines, for the following reasons. Shah and 
Chaubal (J., 1932, 650) introduced the benzoyl group into the nucleus of NN-dimethy]- 
aniline by Friedel and Crafts’s procedure at a relatively low temperature, and, moreover, we 
find that in the reaction of p-acetotoluidide with benzoyl chloride in the presence of zinc 
chloride, the only amino-ketone that can be isolated is 2-amino-5-methylbenzophenone, 
whereas on Chattaway’s theory, since a diacyl derivative would be the initial product, 
some 2-amino-5-methylacetophenone could also be expected. We have also found that 
acyl groups of diacetyl- and dibenzoyl-aniline can be removed in the form of acyl chloride 
on distillation with freshly fused zinc chloride, and we have demonstrated that the acy] 
groups in these compounds will migrate to a ‘‘ foreign ’’ nucleus, provided by toluene or by 
chlorobenzene [compare similar migrations (Kursanov, J. Gen. Chem. Russia, 1943, 13, 
286) in connection with N-monoacylanilines]. The much greater yield of ~-aminoaceto- 
phenone obtained from diacetylaniline, compared with acetanilide (see Dippy and Wood, 
loc. cit., who used aluminium chloride), can be attributed to the greater facility with which 
the diacylanilines generate acyl chloride for nuclear acylation, in the presence of the 
catalyst. ' 

There is now reason, therefore, to consider that a NN-diacylaniline rearranges by an 
intermolecular mechanism along lines similar to those proposed by Dippy and Wood 
(loc. cit.) for the rearrangement of acetanilide under the influence of anhydrous aluminium 
chloride. 

We have demonstrated experimentally that an addition compound between the 
catalyst and the diacylaniline is produced, and such compounds, involving (a) zinc chloride 
and (6) stannic chloride, have been isolated and shown to possess a 1 : 1 molecular com- 
position. From such a compound, acyl chloride has been generated, and the production 
of acylium ions by interaction of an acyl chloride and anhydrous aluminium chloride is 
already well known. The suggestion here is that anhydrous zinc chloride is also capable of 
giving rise tosuch ions. Consistently with the fact that zinc chloride is utilized in liberating 
acyl chloride from the diacyl compound, we have been able to increase the yield of p-amino- 
acetophenone from 3°% to 45% by increasing the quantity of catalyst from the 5% by weight 
(t.e., the approx. 0-125 mole arbitrarily employed by Chattaway) to at least 1 mole. 
Similarly, from dibenzoylaniline and 1 mole of zinc chloride, a 30% yield of -aminobenzo- 
phenone was obtained which approached that obtained from the “‘ direct ’’ nuclear acylation 
of benzanilide with benzoyl chloride; the latter reaction, as might be expected in the cir- 
cumstances, progressed satisfactorily with only 5% of zinc chloride. In this connection it is 
interesting that Burton and Praill (J., 1951, 726) have recently shown that good yields of 
p-methoxyacetophenone are obtained on acylation of anisole even if the zinc chloride 
catalyst is reduced to very small proportions. Furthermore, these authors claim that their 
experiments on this system, involving zinc chloride, afford conclusive evidence of the 
formation of the acetylium ion. 

It is noteworthy that Chapman (J., 1925, 127, 2818) first claimed that the rearrangement 
considered here is of an intermolecular character, although he proposed a different course for 
it. He considered that, for satisfactory conversion, heating in the presence of both zinc 
chloride and hydrogen chloride was necessary, the latter being responsible, in his view, for 
the production of acyl chloride; actually, he showed that during the heating of diacetyl- 
aniline to fusion point in presence of hydrogen chloride, there was some generation of acetyl 
chloride. In our experience, however, added hydrogen chloride is unnecessary for successful 
rearrangement; freshly fused zinc chloride alone will liberate acyl chlorides from diacyl- 
anilines, and also effects satisfactory conversions into amino-ketones, provided that the 
experimental conditions are favourable. 

We have attempted to improve the yields of amino-ketones obtained by the direct treat- 
ment of the monobenzoy] derivatives of amines with benzoyl chloride, in the presence of 
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zinc chloride, by suitable modifications of Chattaway’s reaction conditions. The following 
table sets out the results obtained under our modified standard conditions for direct 
nuclear acylation (p. 2209). 


Amine (as monobenzoy] derivative) Product Yield, % (based on amine) 
Aniline 4-Aminobenzophenone 45 
o-Toluidine 4-Amino-3-methylbenzophenone 

p-Toluidine 2-Amino-5-methylbenzophenone 

p-Fluoroaniline 2-Amino-5-fluorobenzophenone 

o-Chloroaniline 4-Amino-3-chlorobenzophenone 

p-Chloroaniline 2-Amino-5-chlorobenzophenone 

o-Bromoaniline 4-Amino-3-bromobenzophenone 

p-Bromoaniline 2-Amino-5-bromobenzophenone 

p-lodoaniline 4-Aminobenzophenone 

N-Methylaniline 4-Aminobenzophenone 

B-Naphthylamine 2-Amino-1-benzoylnaphthalene 


It is seen that the percentage conversion into ketone is low (6—15%) for p-substituted 
anilines, but for o-substituted anilines the yield varies from 30 to 50°, and in this connec- 
tion it is noteworthy that with aniline and o-toluidine substitution of the benzoyl group 
occurs preferentially at the #-position. The generation of weakly basic tars throughout is 
unavoidable, and the reason doubtless lies in the fact that the o- and the p-amino-ketones are 
reactive compounds which are known to undergo further change in the presence of acid 
catalysts, giving, according to constitution, lepidines, acridones, and quinazolines. 

Certain substituted anilines behaved anomalously when nuclear acylation was attempted. 
The iodine from #-iodoaniline was liberated, and a substantial quantity of #-aminobenzo- 
phenone produced. The only product from f-anisidine was a phenolic substance possessing 
no primary amino-group, and from N-methylaniline a little ~-aminobenzophenone alone was 
recovered. The alkyl group attached to oxygen and nitrogen has evidently been withdrawn 
in the last two reactions, under the vigorous experimental conditions. 

In conclusion, it may be claimed that the preparation of amino-ketones by nuclear 
acylation under Friedel-Crafts conditions has more to recommend it than has been hitherto 
supposed, especially when it is borne in mind that there are only two experimental stages 
involved and that the starting materials are, as a rule, relatively accessible. 


EXPERIMENTAL 


Preparation of Diacetylaniline.—This compound was best prepared by Sudborough’s method 
(J., 1901, 79, 533), and by this means a specimen of m. p. 36° (in sealed tube) was obtained in 
50% yield (Sudborough records m. p. 37°). The compound was stored in a vacuum-desiccator 
until required. 

Rearrangement of Diacetylaniline.—Diacetylaniline (20 g.) was heated with dry, freshly 
fused zinc chloride (2 g.) at 150° for 8 hours, and the dark-brown mass so obtained was hydrolysed 
for 16 hours with 100 ml. of ethanol—hydrochloric acid (3 : 1 by vol.). The solution was rendered 
alkaline with sodium hydroxide solution, and the mixture steam-distilled ; the distillate, which 
contained ethanol, aniline, and ethyl acetate, showed no yellow colour, indicating that no 
o-aminoacetophenone had been formed. The contents of the distillation flask were extracted 
with ether, and the ethereal solution washed with 2N-hydrochloric acid. This acidic extract, 
after neutralisation with concentrated aqueous sodium hydroxide, deposited crude p-amino- 
acetophenone, m. p. 104° (0-4 g., 3%); recrystallisation from aqueous ethanol gave buff-coloured 
needles, m. p. 106° (Klingel, Ber., 1885, 18, 2687, gives m. p. 105—106°). 

The experiment was repeated with the same quantity of diacetylaniline, but with one 
molecular proportion (17 g.) of anhydrous zinc chloride. By the same method of working-up, 
7-0 g. (45%) of pure p-aminoacetophenone were obtained. 

Formation of Acetyl Chloride from Diacetylaniline on Treatment with Freshly Fused Zinc 
Chloride.—During the heating of equimolecular proportions of zinc chloride and diacetylaniline 
the gaseous products of reaction were withdrawn as they were produced, so as to minimise the 
tendency for nuclear acylation. 

Diacetylaniline (10 g.) was heated at 150° with freshly fused zinc chloride (8 g.) in a vessel 
through which a slow current of dry air was circulated. The gaseous products were passed 
through a glass-wool filter and into a 10% aqueous “‘ AnalaR”’ potassium hydroxide solution. 
After 4 hours, heating was discontinued, whereupon the alkaline solution gave positive reactions 
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for both chloride and acetate ions, but no such reactions were obtained in control experiments 
with zinc chloride and diacetylaniline separately under identical conditions. 

Migration of an Acetyl Group from Diacetylaniline into a ‘‘ Foreign’’ Aromatic Nucleus.— 
(i) Into toluene. Diacetylaniline (18 g.), dissolved in dry toluene (200 ml.), was treated with 
fused zinc chloride (14 g., 1 mol.). Warming yielded a dark-brown, viscous oil and, as a forcing 
condition in this experiment, further zinc chloride (32 g.) was added. The mixture was refluxed 
for 6 hours, and the toluene layer, recovered after steam-distillation, was dried (Na,SO,) and 
fractionally distilled. The small residue (of high b. p.), when refluxed with a saturated 
solution of 2 : 4-dinitrophenylhydrazine in acidified ethanol (30 ml.), deposited a dark-red solid 
(ca. 0-05 g.) which on recrystallisation from benzene (in which it was sparingly soluble) gave red 
leaflets, m. p. 255°, which did not depress the m. p. of an authentic specimen of the 2 : 4-dinitro- 
phenylhydrazone of p-methylacetophenone, m. p. 255° (lit.,* 258°), prepared from toluene and 
acetyl chloride by the Friedel-Crafts reaction. 

(ii) Into chlorobenzene. The experiment was repeated with the same quantities of diacetyl- 
aniline and zinc chloride as in (i), but chlorobenzene (200 ml.) was substituted for the toluene. 
By the same procedure a 2: 4-dinitrophenylhydrazone (ca. 0-05 g.) was obtained, m. p. 232° 
unchanged when admixed with an authentic specimen of the 2: 4-dinitrophenylhydrazone of 
p-chloroacetophenone, m. p. 236° (lit., 239°), prepared from chlorobenzene and acetyl chloride. 

Addition Compounds formed between Diacetylaniline and the Catalyst.—(i) Zinc chloride. 
To diacetylaniline (20 g.), dissolved in warm benzene (200 ml.), fused zinc chloride (10 g., 0-67 
mol.) was added, and the mixture heated to boiling. A reddish-brown oil began to separate 
almost immediately, and its formation was complete in } hour. The zinc chloride employed was 
apparently insufficient to react completely with all the diacetylaniline because some of the 
latter was recovered unchanged from the benzene solution. The benzene layer was decanted, 
and the residual oil, after being washed several times with 20-ml. portions of boiling benzene to 
remove excess of diacetylaniline, was kept overnight in a vaccum-desiccator, and a dark red, 
brittle, hygroscopic solid was obtained; a suitable weight of this was dissolved in 10% aqueous 
“ AnalaR ”’ potassium hydroxide (filtered from a trace of insoluble material), and the zinc and 
chlorine contents were determined volumetrically (Found: Zn, 17-0; Cl, 186%; Zn/Cl = 
0-914. C,).H,,0,,ZnCl, requires Zn, 20-9; Cl, 22-65%; Zn/Cl = 0-923). The zinc chloride and 
diacetylaniline therefore formed a 1: 1 complex. (The low experimental values must be attrib- 
uted to the fact that the compound is hygroscopic and could not be purified.) Our conclusions 
were supported by the formation of the following complex, which could be prepared in a much 
purer condition. 

(ii) Stannic chloride. Diacetylaniline, dissolved in dry, pure carbon disulphide, was treated 
with a solution of freshly distilled anhydrous stannic chloride in the same solvent. The white 
solid which was precipitated was filtered off, washed well with carbon disulphide, dried in vacuo, 
and analysed for chlorine as above. Further preparations showd that the 1 : 1 composition of 
the complex was independent of the proportions of diacetylaniline and stannic chloride employed 
[Found (mean of several analyses): Cl, 32:0. C,,H,,O,N,SnCl, requires Cl, 32-5%). 

Preparation of Dibenzoylaniline.—Freundler’s method was used (Bull. Soc. chim., 1904, 31, 
629), and the product obtained in 60% yield with m. p. 164° (Freundler records m. p. 163—164°). 
The mixed m. p. with benzanilide was 140° (this determination was necessary since dibenzoyl- 
aniline and benzanilide have identical m. p.s). 

Rearrangement of Dibenzoylaniline.—Dibenzoylaniline (40 g.) was heated for 8 hours at 220° 
with freshly fused zinc chloride (4 g., 0-13 mol.). The reddish-brown product was hydrolysed with 
aqueous sulphuric acid (200 ml.; 40% by vol.) until no more benzoic acid was liberated ; sodium 
hydroxide was added to the solution obtained, and unchanged aniline removed by steam- 
distillation. The cold alkaline residue was extracted with ether, and the ethereal solution 
washed with 2N-hydrochloric acid. The acidic washings, when basified, deposited 0-2 g. of 
crude p-aminobenzophenone, which, after recrystallisation from aqueous ethanol, gave buff- 
coloured needles, m. p. 123° (Doebner, Annalen, 1881, 210, 266, records m. p. 124°). 

The experiment was repeated with approximately equimolecular proportions of reactants, 
dibenzoylaniline (20 g.) and zinc chloride (10 g.) giving p-aminobenzophenone (4-5 g., 30%). 

Formation of Benzoyl Chloride from Dibenzoylaniline by the Action of Fused Zinc Chloride.— 
Dibenzoylaniline (20 g.) was heated with zinc chloride (10 g.) at 230°, as in the comparable 
experiment with diacetylaniline, and the volatile liquid which distilled was proved to be benzoyl 
chloride by b. p. determination and by hydrolysis to benzoic acid and conversion into benzanilide. 


* Throughout this paper the m. p.s of 2 : 4-dinitrophenylhydrazones quoted from the literature are 
those given in Vogel's ‘‘ Text-book of Practical Organic Chemistry,’ Longmans, Green and Co., 1948. 
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Migration of a Benzoyl Group from Dibenzoylaniline into the Toluene Nucleus.—Dibenzoyl- 
aniline (40 g.), toluene (125 g.), and fused zinc chloride (36 g.) were refluxed for 6 hours (a dark 
red addition compound being deposited), and the product, treated as described above for a 
similar experiment with diacetylaniline, afforded an orange-coloured 2 : 4-dinitrophenylhydr- 
azone (ca. 10 mg.), m. p. 199° undepressed on admixture with a specimen of the 2 : 4-dinitro- 
phenylhydrazone of p-methylbenzophenone, m. p. 200° (lit., m. p. 200°), prepared from toluene 
and benzoyl] chloride (both specimens after long storage had m. p. 226°). 

Nuclear Acylation of Aromatic Amines—Conditions of reaction. Chattaway’s original method 
for the direct nuclear acylation of anilines was investigated with a view to the improvement of 
yields, and the following conclusions were reached on the basis of experiments with benzanilide 
and benzoyl chloride. (a) No improvement in yield of amino-ketone was obtained by increasing 
the quantity of catalyst to an equimolecular proportion. (b) Although other typical Friedel— 
Crafts catalysts could effectively replace anhydrous zinc chloride in the reaction (e.g., anhydrous 
stannic chloride, ferric chloride, and aluminium chloride), none of them led to any improvement 
in the yield of p-aminobenzophenone. (c) The duration of the reaction could be reduced from 
18 hours at 220° (Chattaway) to an optimum period of 4 hours at the same temperature, without 
disadvantage. (d) More vigorous hydrolysis of the reaction product, with use of sulphuric acid 
solution (40% by vol.) in place of hydrochloric acid-ethanol (Chattaway), enabled the tedious 
hydrolysis stage to be reduced from 18 hours to approx. 4 hours (in all but one case), varying 
slightly with the anilide employed. 

Standardised procedure. The monobenzoyl derivative of the amine (1 mol.),* benzoyl 
chloride (1 mol.), and anhydrous zinc chloride (5% of the total weight of reactants) were heated 
to 220° for 4 hours, and the product hydrolysed with aqueous sulphuric acid (40% by vol.) 
until there was no more liberation of benzoic acid. The mixture was rendered alkaline with con- 
centrated aqueous sodium hydroxide solution, and the whole steam-distilled to remove un- 
changed amine (the p-amino-ketones are involatile in steam, although the o-isomerides distil 
slowly). The residue, when cold, was extracted in the manner previously described (p. 2207). 

The only variation in this procedure was in the preparation of 2-amino-5-fluorobenzo- 
phenone, which steam-distilled rapidly together with unchanged p-fluoroaniline, and was 
recovered as a solid from the cooled distillate. 

The crude amino-ketones were purified by recrystallisation from water (containing a little 
hydrochloric acid) (charcoal). Further recrystallisation was effected with ethanol or benzene 
light petroleum (b. p. 60—80°) or chloroform-light petroleum (60—80°). In this way the 
amino-ketones listed on p. 2207 were prepared, further details being as follows. 

p-Aminobenzophenone, from aniline, formed buff-coloured needles, m. p. 123° on recrystal- 
lisation from ethanol; a trace of the o-isomeride was recovered on one occasion. 

4-Amino-3-methylbenzophenone, from o-toluidine, recrystallised as straw-coloured prisms 
(from hot water), m. p. 111° (Chattaway and Lewis, /J., 1904, 85, 589, give m. p. 112°). 2-Amino- 
5-methylbenzophenone, from p-toluidine, formed fine, yellow needles, m. p. 62°, from benzene 
light petroleum (b. p. 60—80°) (Chattaway and Lewis, loc. cit., give m. p. 66°); the same product 
was obtained by using p-acetotoluidide as starting material. (It is noteworthy that the 
o-amino-ketones are intensely yellow in contrast to the p-amino-ketones which have little or no 
colour.) 2-Amino-5-fluorobenzophenone, from p-fluoroaniline, formed fine, yellow needles, 
m. p. 118°, from ethanol (Found: C, 72-9; H, 4-6. C,,;H,ONF requires C, 72-5; H, 4:65%). 
4-Amino-3-chlorobenzophenone, from o-chloroaniline, formed colourless prisms, m. p. 139°, 
from chloroform-light petroleum (b. p. 60—80°) (Chattaway, J., 1904, 85, 340, records m. p. 
140° for this compound, prepared by rearrangement of the N-chloro-derivative of p-acetamido- 
benzophenone). 2-Amino-5-chlorobenzophenone, from p-chloroaniline, formed bright yellow 
needles (from ethanol), m. p. 97° (Chattaway, loc. cit., gives m. p. 100° for this compound, pre- 
pared by rearrangement of the N-chloro-derivative of o-acetamidobenzophenone). 4-A mino-3 
bromobenzophenone, from o-bromoaniline, formed colourless needles after repeated recrystal- 
lisation from hot water and then from ethanol and benzene-light petroleum (b. p. 60—80°) ; 
it had m. p. 157° (Found; C, 56-0; H, 3-7; N, 4-7; Br, 28-0. C,,H,gONBr requires C, 56-5; 
H, 3-6; N, 5-0; Br, 29-0%). 

In assigning the orientations to the last compound and to 2-amino-5-fluorobenzophenone 
account was taken of the analogy with known amino-ketones, and of the colour and volatility 
in each case. 


2-Amino-5-bromobenzophenone, from p-bromoaniline, was obtained as bright yellow 


* The monobenzoy! derivatives were always first prepared, as contact of the free amine with zinc 
chloride is to be avoided. 
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needles, m. p. 110°, from benzene-light petroleum (b. p. 60—80°) (Angel, J., 1912, 101, 515, 
records m. p. 111°). 2-Amino-1-benzoylnaphthalene, from $-naphthylamine, formed fine yellow 
needles, m. p. 165° from ethanol (Dziewonski, Kwiencinski, and Stenbach, Bull. int. Acad. 
polonaise, 1934, A, 329, give m. p. 167-5—168-5°) (Found: C, 82-3; H, 5-3; N, 5-3. Calc. for 
C,,H,;ON: C, 82-6; H, 5-2; N, 56%). 

From a-naphthylamine a light grey solid was recovered which recrystallised with difficulty 
and had m. p. 114° approx. (Found: C, 82-6; H, 5-0; N, 5-0. Calc. for C,,H,,ON: C, 82-6; 
H, 5-2; N, 56%). Dziewonski et al. (ibid., 1933, A, 416) record m. p. 106° for l-amino-4- 
benzoylnaphthalene. 

p-lodoaniline, under the usual conditions, yielded p-aminobenzophenone (45% yield). 
N-Methylaniline, similarly, gave a 5% yield of p-aminobenzophenone and a large quantity of tar. 
p-Anisidine yielded a brown solid soluble in water, which has not been identified although it 
gives the reactions of a secondary amine and of a phenol. It appears likely that in this case the 
methyl group has migrated from side-chain oxygen to nitrogen. The nitroanilines gave no 
identifiable product, but large quantities of tar were produced; only small quantities of 
unchanged nitroanilines were recovered. 


One of us (V. M.) gratefully acknowledges the award of a maintenance grant from the Depart- 
ment of Scientific and Industrial Research. The analyses (except for addition compounds) were 
by Drs. Weiler and Strauss. 
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412. Sesquiterpenoids. Part II.* Tricyclic Derivatives of 
Caryophyllene. 
By D. H. R. Barton, T. Bruun, and A. S. LINDSEY. 


The dicarboxylic acid C,,H,,O, obtained previously * from caryophyllene 
has been shown to be a ditertiary acid. Caryophyllene itself must, therefore, 
be formulated as 4: 11: 11-trimethyl-8-methylenebicycilo[7 : 2 : Ojundec-4- 
ene. 
The compound C,,H,,O0, formed as a by-product of the action of hydrogen 
peroxide on caryophyllene has been shown to be a saturated tricyclic secon- 
dary-tertiary glycol. Removal of the secondary hydroxyl group afforded 
8-caryophyllene alcohol. Stepwise degradation of the glycol C,,H,,O, by 
several different routes gave a keto-acid C,,H,,0O, formulated as 2-keto- 
4:8: 8-trimethylbicyclo[5 : 2: 0}nonane-4-carboxylic acid. This formul- 
ation shows that the glycol C,,H,,O, and 8-caryophyllene alcohol must be re- 
presented as 1: 9-dihydroxy- and as 1-hydroxy-4: 4: 8-trimethyléricycla- 
(6: 3: 1: 0*5)dodecane, respectively. 

The chloride formed by the action of phosphorus pentachloride on 6- 
caryophyllene alcohol is formulated as 1-chloro-4: 4: 8-trimethyléricyclo- 
[6 : 3: 1: 0?}dodecaue, on the basis of the stepwise degradation of the corre- 
sponding chloro-compound from the monoacetate of the glycol C,,H,,O.. 

The absence of an a-hydrogen atom in clovenic acid, combined with the 
degradational evidence reported above, implies that clovene should probably 
be formulated as 4: 4: 8-trimethyléricyclo[6 : 3: 1 : 05}dodec-2-ene. 

The stereochemistry of caryophyllene and some of its derivatives is 
briefly discussed. 

Comment is made on anomalies in the absorption spectra of some saturated 
2 : 4-dinitrophenylhydrazones. 


THE results reported in Part I* of this series restricted the number of possible formule 
for caryophyllene to three (I), (II), and (III). A decision in favour of (III) has been 
reached by a study of the properties of the dicarboxylic acid C,,H,,0, obtained previously 
by stepwise degradation. The possible formule for this acid are (IV), (V), and (VI). 
Both (IV) and (V) are secondary-tertiary dicarboxylic acids whereas (VI) is ditertiary. All 


* Part I, J., 1951, 2988. Most of the results reported in the present paper were summarised in a 
preliminary communication (Barton, Bruun, and Lindsey, Chem. and Ind., 1951, 910). 
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attempts to brominate the dicarboxylic acid (as its anhydride) failed owing to lack of 
reactivity. The anhydride was not isomerised by acetic anhydride at 220° (test for a 
trans-anhydride with at least one «-hydrogen atom), nor was the acid isomerised by con- 


(IV) 


: 14 Js, 
a f i 
HO,C CO,H 
(VI) 


» 


centrated hydrochloric acid at 180° (test for a cis-dicarboxylic acid with at least one «- 
hydrogen atom). The dimethyl ester of the acid was resistant to alkaline hydrolysis. All 
these properties are in best accord with the formulation of the dicarboxylic acid C,,H,,0, 
as 2: 6: 6-trimethyldicyclo[3 : 2 : OJheptane-1 : 2-dicarboxylic acid (VI), and we conclude 
therefore that caryophyllene is correctly regarded as 4: 11 : 11-trimethyl-8-methylene- 
bicyclo[7 : 2 : Ojundec-4-ene (III). The degradational sequence described in Part I must 
now be formulated as indicated, (VII) ——> (VIII) ——> (IX) ——> (X) —> (XI) —> 
(VI). In agreement, the dione (XI), with no «-hydrogen atom, was resistant to bromin- 
ation even under vigorous conditions. Previously we had reported (Part I, loc. cit.) that 
both (IX) and (X) formed mono-2: 4-dinitrophenylhydrazones. Under rather more 
vigorous reaction conditions a bis-2 : 4-dinitrophenylhydrazone has now been obtained 
from (X). 

One of the outstanding characteristics of the caryophyllene molecule is its facile cyclis- 
ation under acid conditions to tricyclic compounds (for summary see Simonsen and Barton, 
“‘ The Terpenes,”’ Vol. III, Cambridge Univ. Press). The most important cyclisation pro- 
ducts are «- and $-caryophyllene alcohol, C,;H,,O0, and the hydrocarbon clovene, C,;Hg,. 
A further tricyclic caryophyllene derivative was recognised, during our work, in the crystal- 
line glycol, C,;H».0., m. p. 107°, [«]» —5°, obtained as a by-product of the action of hydro- 
gen peroxide on caryophyllene (Treibs, Chem. Ber., 1947, 80, 56). This glycol was shown 
to be saturated, for it gave no colour with tetranitromethane and exhibited no absorption in 
the far ultra-violet. Acetic anhydride in pyridine at room temperature gave a crystalline 
monoacetate, whilst chromic acid furnished a crystalline monohydroxy-ketone which was 
resistant to further oxidation. We conclude that the glycol contains one secondary 
and one tertiary hydroxyl group. Reduction of the hydroxy-ketone by the Wolff—Kishner 
method afforded $-caryophyllene alcohol. This tertiary alcohol has been prepared from 
caryophyllene under a variety of acid hydrating conditions. The mildest of these would 
appear to be the action of formic acid (Robertson, Kerr, and Henderson, J., 1925, 1944; 
Henderson, Robertson, and Kerr, /., 1926, 62), which gives the formate. If the formation 
of four-membered rings, and the migration of double bonds prior to cyclisation, are ex- 
cluded, then there are only two formule, (XII) and (XIII), which can be derived for 6- 
caryophyllene alcohol. Of these (XIII) appears the more probable since it involves only 
Markownikoff addition. Its correctness was shown by the reactions outlined in the sequel. 

It seemed likely that the glycol C,;H,,O0., with its two functional groups available as 
initial points for stepwise degradation, would prove a valuable compound in establishing a 
formula for 8-caryophyllene alcohol. If the formation of the glycol is regarded as electro- 
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philic attack by OH* then it is possible, on the basis of formula (XIII) for 8-caryophyllene 
alcohol, to write a common mechanism of genesis (see formule) for both the glycol (XIV) and 
the B-alcohol. These theoretical views were confirmed by the following evidence. 

Oxidation of the keto-alcohol (XV), prepared as mentioned above, with selenium dioxide 
gave a crystalline diosphenol (XVI; R =H), further characterised as the crystalline 
acetate. Oxidation of this acetate by potassium permanganate in acetone solution gave a 
liquid keto-acid C,,H.9O0, characterised as the crystalline methyl ester 2 : 4-dinitrophenyl- 
hydrazone. We formulate this keto-acid as 2-keto-4: 8 : 8-trimethylbicyclo[5 : 2 : 0]- 
nonane-4-carboxylic acid (XVII; R=H). Its formation proves the presence of the 
grouping —CH(OH)-CH,°CH,°C(OH)< in the glycol C,;H,,0, and hence of the grouping 
~[CHg],°C(OH)< in 8-caryophyllene alcohol. The keto-acid C,,;H.)90, was also obtained 
in the following ways. Oxidation of the diosphenol (XVI; R = H) with cold alkaline 
hydrogen peroxide furnished an acid (XVIII; R =H) which could not be crystallised. 
The derived dimethyl ester was also non-crystalline and on dehydration with phosphorus 
oxychloride in pyridine at room temperature gave a mixture of unsaturated esters in which 
an «$-unsaturated ester (Amax. 224 mu, e = 3000) was present to a probable extent of about 
25%. Ozonolysis of the mixed esters gave the methyl ester of the keto-acid C,H 90g, 
again characterised as the 2: 4-dinitrophenylhydrazone. The most efficient method for 
the production of the keto-acid C,,H 90, was found to be heating (XVIII; R = H) with 
50°, aqueous potassium hydroxide. 

The formulation of the keto-acid C,,H 90, is also supported by the following evidence. 
It is not a $-keto-acid as it is not readily decarboxylated. The carboxyl group of (XVII; 


(XVI) OR 


! 


rd 
ci HO CH,-CO,R 
(XIX) (XVIII) 


R = H) is subject to marked steric hindrance which is in accordance with the formula 
assigned. Evidence was obtained that, as in formula (XVII; R = H), the keto-group was 
adjacent to an enolisable asymmetric centre: thus, when the keto-acid (XVII; R = H) 
was obtained by permanganate oxidation of (XVI; R = Ac), or by the action of concen- 
trated alkali on (XVIII; R = H), it was accompanied by a stereoisomer, characterised as 
the crystalline methyl ester 2 : 4-dinitrophenylhydrazone. The two compounds, as the 
methyl ester 2 : 4-dinitrophenylhydrazones, could be equilibrated by hydrochloric—acetic 
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acid. The lower-melting isomer (m. p. 169—170°), which was appreciably more stable, is 
regarded as having the cyclobutane ring fused cis, and the higher-melting isomer (m. p. 
184-5—185-5°) is considered to be the trans-form. The keto-acid C,,H 90, was not a methyl 
ketone for it was recovered unchanged, on treatment with alkaline hypoiodite. The 
accumulation of evidence reinforces the correctness of the formulation of the glycol C,;H».02 
and of §-caryophyllene alcohol as 1 : 9-dihydroxy- and 1-hydroxy-4 : 4 : 8-trimethyl- 
tricyclo[6 : 3: 1 : 0**}dodecane, (XIV) and (XIII) respectively. 

Considerable theoretical interest attaches to the replacement reactions of bicyclic com- 
pounds with substituents at the bridge-head (see, for example, Bartlett, Collogues Inter- 
nationaux, Réarrangements Moléculaires et Inversion de Walden, Montpelier, 1950, p. 108). 
8-Caryophyllene alcohol (XIII) is now seen to be a compound of this type although, as a 
1-hydroxy-derivative of bicyclo[4 : 3: 1]nonane, it contains a ring system which appears to 
be novel. Wallach and Walker (Annalen, 1892, 271, 288) first noted that $-caryophyllene 
alcohol, on treatment with phosphorus pentachloride, gave very smoothly a highly crystal- 
line chloride, C,;H,,Cl. Later Henderson, Robertson, and Kerr (loc. cit.) observed that this 
chloride was resistant to nucleophilic reagents, although it reacted with sodium acetate in 
acetic acid to furnish the acetate of 8-caryophyllene alcohol. It must be concluded that, 
either the chloride has the formula (XIX) and undergoes replacement without rearrange- 
ment, or that rearrangement is involved both in the genesis of the chloride and in its recon- 
version into $-caryophyllene alcohol. These problems were answered by a further study 
of the reactions of the C,,H,,O, glycol (XIV). When the monoacetate (XX) was treated 
with phosphorus pentachloride it reacted smoothly to give a highly crystalline chloro- 
acetate, C,,H,,0,Cl, in almost quantitative yield. This compound must be formulated as 
(XXI), for on alkaline hydrolysis followed by chromic acid oxidation it gave a crystalline 
chloro-ketone (XXII). This was treated successively with selenium dioxide (to give the 
diosphenol), alkaline hydrogen peroxide (to give the dicarboxylic acid), and 50% aqueous 
potassium hydroxide (to cause dehydrochlorination and subsequent cleavage of the «§- 
unsaturated acid), thus yielding the keto-acid C,,Hy,90, (XVII; R = H), characterised as 
before as the methyl ester 2 : 4-dinitrophenylhydrazone. We conclude that replacement 
of the tertiary hydroxyl group by chlorine occurs without rearrangement of the carbon 
skeleton and with retention of stereochemical configuration. The chloride from $-caryo- 
phyllene alcohol is, therefore, correctly formulated as (XIX). It appears that there is 
sufficient flexibility in the ring system of 8-caryophyllene alcohol to allow formation of an 
essentially planar carbonium ion at the bridgehead. 

When 8-caryophyllene alcohol is dehydrated by boiling it with phosphoric oxide (Wal- 
lach and Walker, Joc. cit.; Henderson, McCrone, and Robertson, J., 1929, 1368) it affords 
the tricyclic hydrocarbon clovene. The latter is peculiar in that it contains the grouping 
>C-CH:CH’C< and affords on oxidation crystalline clovenic acid, C,;H,,0,. This acid 
readily forms an anhydride, but resists bromination and ketonisation (Ruzicka and Gibson, 
Helv. Chim. Acta, 1931, 14, 570). We have confirmed the absence of «-hydrogen atoms by 
showing that (a) clovenic acid is not isomerised by concentrated hydrochloric acid at 180° 
and (b) clovenic acid anhydride is not isomerised by acetic anhydride at 220°. It can be 
concluded that the double bond of clovene is contained in a five-membered ring and is 


ie 
= 8; KX jae 
a; ws : nay 


HO 


\ 
(XIII) (XXIII) (XXIV) 


placed between two quaternary carbon atoms. The simplest derivation of such a system 
from $-caryophyllene alcohol (XIII) would appear to be as indicated, thus giving clovene 
the formula (XXIII) (4: 4: 8-trimethyléricyclo[6 : 3 : 1 : 0 )dodec-2-ene). 
a-Caryophyllene alcohol, which is formed together with the $-isomer by acid-catalysed 
hydration, is simply related to clovene. Thus it gives clovenic acid on oxidation (Bell and 
Henderson, J., 1930, 1971); it must, therefore, be a secondary alcohol, presumably (XXIV). 








2214 Barton, Bruun, and Lindsey : 


On dehydration with phosphoric oxide or oxalic acid «-caryophyllene alcohol gives clovene 
(Bell and Henderson, loc. cit.), which is in agreement with formula (XXIV). 

The results described in this, and in our previous paper on caryophyllene allow several 
aspects of the stereochemistry of the molecule to be clarified. We commence our dis- 
cussion with the Cj, dicarboxylic acid (VI). The smooth formation of the precursor (IX) 
of this acid could hardly be effected unless the cyclobutane ring were fused cis to the cyclo- 
pentane ring. The C,, acid (V1) forms an anhydride with great ease merely on melting. 


’ r.4 \ H 
po a hendaconcl cy 
HO,C CO,H Ne som pe 
(XXV) (X XVI) (XXVIT) 
This is the property of a cis- rather than of a trans-cyclopentane-1 : 2-dicarboxylic acid (see 
Beilstein, ‘‘ Handbuch der Organischen Chemie,’’ 4th Edn., Vol. IX, p. 728). The stereo- 
chemistry of the C,, acid can, therefore, be formulated as in (X XV). 

The tricyclic hydroxy-ketone C,,H,.0, must, therefore, have the stereochemistry indicated 
in either (X XVI) or (XXVII). The configuration of the carbon atom carrying the second- 
ary hydroxyl group will depend upon whether the ring double bond in caryophyllene is 
cis [as in (III)] or trans. If the former is correct then (X XVII) represents the hydroxy- 
ketone, if the latter (XXVI). [We have assumed, of course, a trans-opening of the oxide 
ring in (VII) ——~ (VIII) —~ (IX).] The available evidence indicates that the ring double 
bond in caryophyllene is cis. Thus, unlike trans-cyclooctene (which is the only available 
analogue in the absence of a trans-cyclononene) (see Ziegler and Wilms, Amnalen, 1950, 567, 
1), caryophyllene and dihydrocaryophyllene are stable substances not polymerising readily. 
They do not react vigorously, if at all, with phenyl azide. A more subtle argument is the 
following (cf. Barton, Expertentia, 1950, 6, 316). If the six-membered ring in (X XVI) and 
(XX VII) adopts the more probable chair conformation, then the hydroxy] group of (X XVI) 
will be equatorial, but of (XX VII) polar. Reduction of the diketone (X) with sodium and 
alcohol should give the more stable diequatorial glycol (XXVIII; on the basis of the chair 
conformation), whereas similar reduction of the tricyclic hydroxy-ketone (IX) should give 
(XXVIII) or (X XIX) depending on whether (X XVI) or X XVII) is a correct representation 
of the stereochemistry. Experimentally different glycols were formed in the two reactions, 
and therefore the view that (X XVII) represents the stereochemistry of (IX) receives support. 

H 


_H : gr, 

+”) +) +%4a\s 
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These arguments lead to the conclusion that the stereochemistry of caryophyllene 
monoxide must be represented as in (XXX) or as in (XXXI). Although the evidence is 
not final it is more likely that the cis-fusion (XXX) of the cyclobutane ring is correct. This 
would explain better the ready formation of $-caryophyllene alcohol (XIII) and of the 
Treibs glycol (XIV), compounds in which the four-membered ring is fused to a seven- 
membered ring. 

It will be clear from the results summarised above, and from earlier work in the caryo- 
phyllene field, that the electrophilic reagents OH* and H*, as would be expected, attack 
preferentially the endocyclic double bond. In a recent communication (Chem. and Ind., 
1951, 464) Dawson, Ramage, and Wilson propose that the long-known caryophyllene 
nitrosite is formed by addition to the exocyclic methylene group. It is necessary to 
mention evidence which shows that this view is incorrect. First, caryophyllene nitrosite 
exhibits a strong band at 11-3 », indicative of an exocyclic methylene group. This band 
is also present in the spectrum of caryophyllene and of caryophyllene oxide. Secondly, 
Ramage and Simonsen (J., 1935, 1581) showed that ozonolysis of caryophyllene nitrosite 
gave formaldehyde and a crystalline ketone C,,H,,0;N,. These facts cannot be explained 
by the hypothesis of Dawson, Ramage, and Wilson (loc. cit.) and we see no reason to 
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disregard the conclusion reached earlier by Ramage and Simonsen (loc. cit.) that the 
nitrosite retains the exocyclic methylene group. The interpretation of further experimental 
facts presented by Dawson, Ramage, and Wilson (/oc. cit.) is, therefore, not valid. 

The absorption spectra of ketonic 2 : 4-dinitrophenylhydrazones can often be used to 
obtain useful information with regard to the number of double bonds in conjugation with 
the keto-group (Braude and Jones, J., 1945, 498; Roberts and Green, J. Amer. Chem. Soc., 
1946, 68, 214; Djerassi and Ryan, ibid., 1949, 71, 1000). Whilst acetone 2 : 4-dinitro- 
phenylhydrazone absorbs at 364 my (cf. Braude and Jones, loc. cit.) the maximum is dis- 
placed to 368 my for saturated steroidal 3-ketones of the al/ocholane series (Djerassi and 
Ryan, Joc. cit.). As has been mentioned above, the lower-melting isomer of the methyl 
ester (XVII; R = Me) 2: 4-dinitrophenylhydrazone of the C,,H, 90, keto-acid showed an 
abnormally displaced maximum at 375 my. This displacement may be due to the con- 
jugating power of the cyclobutane ring. The abnormal displacement of the band of the 
methyl cyclopropyl ketone derivative (see Table) (Roberts and Green, Joc. cit.) with respect 
to that of the acetone derivative and of that of 3 : 5-cyclocholestan-6-one (XXXII) 2: 4- 
dinitrophenylhydrazone with respect to that of 6-keto- (XXXIII; R= Ac) and of 
7-keto- (XXXIV; R= Ac)-cholestanyl acetate 2 : 4-dinitrophenylhydrazone would 
appear to support this view. However this explanation may require further qualification 
since the position of the maximum for the higher-melting isomer of the methyl ester 
2 : 4-dinitrophenylhydrazone of the C,,H 90, keto-acid was normal at 369 my. Other 
data of interest are also summarised in the Table. 

Abs. max. in CHC], 
2 : 4-Dinitrophenylhydrazone of Amax., My 
C,,H,,0, tricyclic hydroxyketone (IX) 371 
C,4H 09, tricyclic diketone (X) 

mono-derivative 368 

bis-derivative 369 
C,;H,,O; keto-acid methyl ester 

lower-melting isomer 375 

higher-melting isomer 369 


tot 


6-Ketocholestan-38-yl acetate 369 
7-Ketocholestan-3f-yl acetate 370 
38-Chlorocholestan-6-one 367 
3 : 5-cycloCholestan-6-one (i-cholestenone) 380 


te to be be 


Methyl cyclopropy] ketone . 371 
cycloButyl methy! ketone 367 ' 
Acetone 364 23,500 
1, Barton and Lindsey, J., 1951, 2988; 2, Experimental, this paper; 3, first prepared by Mariella 
and Raube, /. Amer. Chem. Soc., 1952, 74, 518; see also Pinson and Friess, ibid., 1950, 72, 5333 
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It was felt that the maximum for the 3 : 5-cyclocholestan-6-one derivative at 380 my 
was so displaced owing to the conjugating power of the cyclopropane ring as to require con- 
firmation of its structure. Treatment of the 2: 4-dinitrophenylhydrazone with acetic— 
hydrochloric acids gave 3$-chlorocholestan-6-one (XXXV), characterised as the 2: 4- 


O 
(XXXII) 2 (XXXITT) (XXXIV) 


dinitrophenylhydrazone. The latter compound was prepared from an authentic specimen 
of 3-chloro-ketone obtained in a known way from cholesteryl chloride. The formation of 
the 38-chloro-compound confirms the constitution assigned. 

After the completion of this manuscript there appeared an important paper by Dawson 
and Ramage (J., 1951, 3382), recording the synthesis of homocaryophyllenic acid (XXXVI). 
Dawson and Ramage also report the degradation of the keto-acid C,,H,,0,, an important 
ozonolysis fragment of caryophyllene (Semmler and Mayer, Ber., 1911, 44, 3657; for dis- 
cussion see Barton and Lindsey, /oc. cit.), to caryophyllenic acid by oxidation with potassium 
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permanganate. This is also significant as it proves that the keto-acid C,,H,,0, has 
formula (XXXVII). These results, taken in collaboration with our own work, account 
rigidly for every carbon atom in the caryophyllene molecule. 


+ { °cOo,H jin TT Y 
(XXXVID ‘ — © eke 
CO,H CO,H 


Mainly on the basis of the infra-red spectrum Eschenmoser and Giinthard (Helv. Chim. 
Acta, 1951, 34, 2338) have independently proposed (XXIII) as a representation of clovene. 
This formula was also suggested to us independently in a private communication from Mr. 
A. W. Burgstahler (Harvard University). 


EXPERIMENTAL 

M. p.s are uncorrected. All rotations were measured in chloroform solution; the values 
recorded have been approximated to the nearest degree. Ultra-violet absorption spectra were 
determined in absolute ethanol solution (unless specified to the contrary) by use of a Unicam 
Spectrophotometer, Model SP 500. Infra-red measurements were kindly carried out in carbon 
disulphide solution by Mr. J. L. Hales on a modified Hilger double-beam spectrometer at the 
D.S.1.R. Chemical Research Laboratory, Teddington. 

Light petroleum refers throughout to the fraction of b. p. 40—60°. 

1 : 9-Dihydroxy-4 : 4: 8-trimethyltricyclo[6 : 3: 1: 0*5)dodecane (XIV); C,;H,,0, Glycol.— 
In agreement with Treibs (Chem. Ber., 1947, 80, 56) we had no difficulty in isolating the glycol 
C,;H,,0, from the residues remaining after the distillation of caryophyllene oxide. Purified 
by distillation and recrystallisation from light petroleum or, for larger amounts, from cold ether, 
it had m. p. 106—107°, [a], —5° (c = 2-00) (Found: C, 74:8; H, 10-8. Calc. for C,;H,,O, : 
C, 75-55; H, 11-0%). The glycol was saturated to bromine, to tetranitromethane, and to 
potassium permanganate. It showed no absorption in the 195—-220-my region. It was un- 
affected by treatment with chloroformic hydrogen chloride. 

By reaction with excess of acetic anhydride in pyridine at room temperature overnight it 
furnished a monoacetate (XX) (ca. 100%). Recrystallised from light petroleum this had m. p. 
104—105°, [a]) +27° (¢ = 2-23) (Found: C, 72:3; H, 9-9. C,,H,,O, requires C, 72-8; H, 
10-05%). There was a pronounced depression in m. p. on admixture with the original glycol. 
The monoacetate was unresponsive to tests for unsaturation. 

1-Hydroxy-4 : 4: 8-trimethyltricyclo[6 : 3: 1 : 0*8|dodecan-9-one (XV).—The C,,;H,,O, glycol 
(see above) (500 mg.) in “‘ AnalaR”’ acetic acid (10 ml.) was treated with chromium trioxide 
(170 mg.) in water (1 ml.) and “‘ AnalaR”’ acetic acid (5 ml.) and left at 5° for 2 days. After 
being worked up in the usual way the keto-alcohol was recrystallised from chloroform-light 
petroleum and had m. p. 104°, [a], —74° (¢ = 2-49), Amax, 290—292 my, emax, = 40 (Found : 
C, 76-65; H, 10-35. C,;H,,O, requires C, 76-2; H, 10-2%). The keto-alcohol gave no colour 
with ferric chloride and was unresponsive to tests for unsaturation. 

The keto-alcohol (250 mg.) with 94% hydrazine (2 ml.) and a solution of sodium (250 mg.) 
in absolute ethanol (6 ml.) was heated at 180° overnight. The reaction product, worked up in 
the usual way and recrystallised from light petroleum, gave 200 mg. of 8-caryophyllene alcohol, 
a} —3-5° (c = 1-98; 2-dm. tube), m. p. and mixed m. p. 93—94° with an authentic sample 
(see below) of the same m. p. and rotation. 

1 : 10-Dihydroxy-4 : 4: 8-trimethyltricyclo[6: 3 1 : 075)dodec-10-en-9-one (XVI; R = H).— 
The keto-alcohol (XV) (400 mg.) was heated for 2 hours with selenium dioxide (200 mg.) in 
refluxing ethanol (10 ml.). The deposited selenium was removed and the filtrate diluted with 
water and extracted with ether. The ethereal extract was in turn extracted with 5% aqueous 
potassium hydroxide, and the alkaline solution acidified and re-extracted into ether. Drying 
(Na,SO,) and evaporation of the final extract gave the crystalline dodecenone (100 mg.). Re- 
crystallised from benzene it had m. p. 141—142°, [x], +85° (c = 2-19), Amax, 276 mp, Emax. = 
6200 (Found: C, 71-3; H, 8-55. C,,;H,,O, requires C, 71:95; H, 885%). It gave a transient 
purple colour with aqueous-ethanolic ferric chloride. 

Excess of acetic anhydride in pyridine at room temperature overnight gave the acetate, 
m, p. 140—141° (from methanol), [a], +88° (c = 2-08), Amax. 245 my, enax. = 5500 (Found: C, 
69-7; H, 8-1. C,,H,4O, requires C, 69-85; H, 8-25%). There was a pronounced depression in 
m. p. on admixture with the parent diosphenol. 

Derivatives of 2-Keto-4: 8: 8-trimethylbicyclo[5 : 2 : O)nonane-4-carboxylic Acid (XVII).— 
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(a) To the acetate (see above) (3-5 g.) in “ AnalaR ’”’ acetone (25 ml.) were added at room 
temperature (occasional cooling), with shaking, 400 ml. of a solution of potassium per- 
manganate (6-3 g., 3-33 atoms of oxygen) in the same solvent (600 ml.). The first 350 ml. were 
decolorised rapidly. The mixture was left at room temperature until the permanganate colour 
had disappeared (1 hour). A further 100 ml. of the solution was then added and then, after 7 
hours (decolorisation) the final 100 ml. The mixture was left overnight, excess of permanganate 
removed by methanol, and the acetone solution decanted from the manganese dioxide and 
evaporated im vacuo. The residue was combined with the manganese dioxide, and dilute sul- 
phuric acid and sodium sulphite were added until all the solid had passed into solution. The 
solution was extracted thoroughly with ether. The extracted products were separated into acid 
and neutral fractions with sodium hydrogen carbonate. The former was methylated and treated 
with 2: 4-dinitrophenylhydrazine in the usual way, and the product chromatographed over 
alumina (Savory and Moore’s Standardised). Elution with benzene gave three crystalline 
fractions, recrystallised from chloroform—methanol as beautiful square plates of the methyl ester 
2: 4-dinitrophenylhydrazone, m. p. 169—170°, Amay 375 My, Emax = 22,000 (in chloroform) 
(Found: C, 57-8; H, 6-0; N, 13-1. C,,.H,.O,N, requires C, 57-4; H, 6-25; N, 13-4%). 
Further elution with benzene gave a small quantity of the stereoisomeric methyl ester 2: 4- 
dinitrophenylhydrazone, m. p. 184-5—185-5° [see (c) below}. 

(6) The diosphenol (250 mg.) in methanol (10 ml.) containing potassium hydroxide (300 mg.) 
was treated with perhydrol (1 ml.) added in small portions with shaking. After an hour at 
room temperature the mixture was worked up in the usual way and separated into acid (sodium 
hydrogen carbonate) and neutral fractions. The latter was negligible. The oily acid fraction 
with diazomethane gave an oily dimethyl ester, which showed no selective absorption in the 
ultra-violet ; this was dehydrated with redistilled phosphorus oxychloride (1 ml.) in dry pyridine 
(10 ml.) overnight at room temperature. After working up in the usual way the dehydrated 
product was filtered through alumina in benzene solution. The eluate showed d,,,, 224 mu, 
Emax. = 3000, corresponding probably to about 25% of a$-unsaturated ester. It showed no 
tendency to crystallise. The mixture of unsaturated esters in acetic acid (30 ml.) was ozonised 
at room temperature until the absorption band at 224 my had disappeared (15 minutes). The 
acetic acid solution was treated with zinc dust on the steam-bath for 30 minutes. After removal 
of the zinc by filtration the reaction product was extracted with ether after dilution with water, 
the ether removed, and the residue treated with 2 : 4-dinitrophenylhydrazine in the usual way. 
The resultant 2 : 4-dinitrophenylhydrazone was purified by chromatography over alumina as 
described in (a) above. Recrystallisation from chloroform—methanol gave the same methyl! 
ester 2 : 4-dinitrophenylhydrazone, m. p. 169—170°, undepressed in m. p. with a specimen of 
the same m. p. prepared as above (Found: C, 57-2; H, 6-0; N, 12-9%). 

(c) The hydroxy-dicarboxylic acid (500 mg.), prepared by oxidation of the diosphenol with 
alkaline hydrogen peroxide [see (b)], was refluxed with 50% (w/w) aqueous potassium hydroxide 
(10 g.) for lL hour. The acidic reaction product was worked up in the usual way; it showed no 
high intensity selective absorption in the ultra-violet. It was methylated with diazomethane 
and treated with 2: 4-dinitrophenylhydrazine as before. The mixture of 2 : 4-dinitrophenyl- 
hydrazones was chromatographed over alumina, elution being by benzene as in (a) above. The 
more easily eluted 2: 4-dinitrophenylhydrazone formed in considerably greater amount was 
identical (m. p. and mixed m. p.) with that described in (a) and (b) above. The more difficultly 
eluted iso-form of the methyl ester 2: 4-dinitrophenylhydvazone crystallised from chloroform- 
methanol in needles, m. p, 184-5—185-5°, Ama,, 369 My, Engr, = 22,500 (in chloroform) (Found : 
C, 57-8; H, 6-5; N, 13-3. CygH,,O,N, requires C, 57-4; H, 6-25. N, 13-4%). 

(d) Each of the methyl ester 2 : 4-dinitrophenylhydrazones described above (200 mg.) was 
heated under reflux with concentrated hydrochloric acid (2 ml.) in ‘“‘ AnalaR’”’ acetic acid (10 
ml.) for 4 hour. This procedure did mot hydrolyse the ester grouping but largely removed the 
2 : 4-dinitrophenylhydrazine residue. The reaction products were re-treated with 2 : 4-dinitro- 
phenylhydrazine and then chromatographed as recorded in (a), (b), and (c) above. In both 
cases the same mixture of the two methyl ester 2 : 4-dinitrophenylhydrazones, m. p.s 169—170° 
and 184-5—185-5°, resulted. The identities were confirmed by mixed m. p.s. The isomer of 
m. p. 169—-170° predominated over that of m. p. 184-5—185-5° (product ratio very approxi- 
mately 10: 1). 

(e) The methyl ester 2 : 4-dinitrophenylhydrazone of m. p. 169—170° (300 mg.) was refluxed 
with potassium hydroxide (500 mg.) in methanol (10 ml.) for 3 hours. Working up in the usual 
way and separation into neutral and acid fractions gave only 50 mg. of the latter. It was con- 
cluded that the carbomethoxyl group is not readily hydrolysed. 
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8-Caryophyllene Alcohol.—Caryophyllene (see Part I) was hydrated according to Asahina 
and Tsukamoto (Chem. Zentr., 1922, III, 826). §-Caryophyllene alcohol was thus obtained 
without difficulty. Recrystallised from light petroleum the pure alcohol had m. p. 93—94°, 
[a]p —3° (c = 2-07; 7 = 2). 

Clovene (XXIII) and Its Derivatives.—Clovene (2-5 g.), obtained by the Asahina and Tsuka- 
moto hydration process (see above), in “* AnalaR ’”’ acetic acid (40 ml.) was oxidised by chromium 
trioxide (3-5 g.) in water (2 ml.), diluted with more acetic acid (20 ml.), and left for 4 days at 
room temperature according to Ruzicka and Gibson’s method (loc. cit.). In this way clovenic 
acid was obtained without difficulty. Recrystallised from ethanol it had m. p. 190—191° 
(decomp.), [%]p) +31° (¢ = 1-53 in absolute ethanol). Clovenic acid was also prepared by oxid- 
ation of clovene with concentrated nitric acid. 

Clovenic acid (100 mg.) was heated with concentrated hydrochloric acid (2 ml.) at 180° for 
6 hours. Working up in the usual way gave an oil (clovenic anhydride) which, on dissolution 
in potassium hydroxide solution and acidification, gave back clovenic acid unchanged (m. p. 
and mixed m. p.). In a similar experiment clovenic acid (200 mg.) was heated with acetic 
anhydride (2 ml.) at 220° for 6 hours. Working up as before gave back clovenic acid un- 
changed (m. p. and mixed m. p.). 

1-Chloro-4 : 4: 8-trimethyltricyclo[6 : 3:1: 07*|]dodecane (XIX) and Its Dervivatives.—8- 
Caryophyllene alcohol (222 mg.) and phosphorus pentachloride (210 mg.) were gently warmed on 
the steam-bath until all was in solution. Working up in the usual way and recrystallisation 
from aqueous methanol afforded the chloride, m. p. 66—67°, [a], +6-5° (c = 3-77), in beautiful 
plates (yield, almost quantitative). 

The monoacetate (XX) (266 mg.) and phosphorus pentachloride (220 mg.) were warmed 
gently on the steam-bath until reaction was complete. Working up in the usual way afforded 
9-acetoxy-1-chloro-4 : 4: 8-trimethyltricyclo[6 : 3: 1: 0*5)dodecane (XXI), which from aqueous 
methanol formed beautiful needles, m. p. 125—126°, [a], +42° (c = 1-97) (Found: C, 68-8; 
H, 8-9; Cl, 11-85. C,,H,,O,Cl requires C, 68-3; H, 9-1; Cl, 11-85%). It gave a strongly 
positive Beilstein test. 

This chloro-acetate (2 g.) was hydrolysed by refluxing 5% methanolic potassium hydroxide 
for 30 minutes. The product could not be crystallised, so it was oxidised in ‘‘ AnalaR’’”’ acetic 
acid solution (50 ml.) with a slight excess of chromic acid, giving 1-chloro-4 : 4 : 8-trimethyl- 
tricyclo[6 : 3: 1: 0? 5jdodecan-9-one (XXII), m. p. 45—46° (from methanol), [a], —69° (c = 
2-45) (Found: Cl, 14-6. C,;H,,;OCI requires, Cl, 13-99%). It gave a 2: 4-dinitrophenyl- 
hydrazone, recrystallised from methanol after filtration in benzene solution through alumina 
and having m. p. 145—146°, Anax, 368 Mu Emax, = 23,000 (Found: N, 12-8. C,,H,,0,N,Cl 
requires N, 12-9%). 

The above chloro-ketone (2 g.) was heated with selenium dioxide (0-9 g.) in boiling ethanol 
(50 ml.) for 2 hours. After being worked up in the usual way the product was separated into 
acid (5% aqueous sodium hydroxide) and neutral fractions. The latter contained a high-melting 
organic selenium compound which was not investigated. The acid fraction was oxidised by 
alkaline hydrogen peroxide as for the diosphenol (see above), and the resultant acid fraction 
(extracted by sodium hydrogen carbonate from ether) was heated under reflux with 50% 
aqueous potassium hydroxide (25 ml.) for 1 hour. After the usual working up the acid fraction 
(extracted with sodium hydrogen carbonate) was esterified with diazomethane and then con- 
verted into the 2: 4-dinitrophenylhydrazone. Chromatography over alumina in benzene 
solution gave the more stable C,,H,,O, keto-acid methyl ester 2: 4-dinitrophenylhydrazone 
(identified by m. p. and mixed m. p.). 

Bis-2 : 4-dinitrophenylhydvazone of the Diketone (X).—The tricyclic diketone (Barton and 
Lindsey, J., 1951, 2988) was treated with 2: 4-dinitrophenylhydrazine in methyl alcohol and 
hydrochloric acid under reflux for 30 minutes. Working up in the usual way and chromato- 
graphy over alumina in benzene solution afforded the bis-2 : 4-dinitrophenylhydvazone. Re- 
crystallised from ethyl acetate this had m. p. 260—261° (Found: N, 19-4. C,,H,,0,N, requires 
N, 19-3%). 

Reduction of the Tricyclic Ketone (X).—The tricyclic diketone (Barton and Lindsey, Joc. cit.) 
(500 mg.) in »-propyl alcohol (25 ml.) was reduced under reflux by sodium until saturated. 
Working up in the usual way gave the required glycol, m. p. 181—182° (from chloroform), 

a] —43° (c = 0-56) (Found: C, 74:3; H, 10-7. C,,HO, requires C, 74-95; H, 10-8%). 

Reduction of the Tricyclic Hydvroxy-ketone (IX).—The hydroxy-ketone (Barton and Lindsey, 
loc. cit.) (500 mg.) was reduced as immediately above. Recrystallised from chloroform-light 
petroleum the derived glycol had m. p. 159—159-5°, [a]) —69° (c = 1-24) (Found: C, 75-1; 
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H, 10-95. C,,H.,O, requires C, 74-95; H, 10-8%). There was a pronounced depression in 
m. p. on admixture with the isomeric glycol (see above) of m. p. 181—182°. 

6- and 17-Ketocholestan-38-yl Acetate 2: 4-Dinitrophenylhydrazone.—6-Ketocholestan-38-yl 
acetate (Barton and Cox, J., 1948, 783) was converted into the 2 : 4-dinitrophenylhydrazone in 
the usual way. Purified by chromatography in benzene solution over alumina and recrystallis- 
ation from ethyl acetate-ethanol this had m. p. 172—173° (Found: N, 91. C3,;H,,O,N, 
requires N, 8-95%). 

The 2 : 4-dinitrophenylhydrazone of the 7-ketone, prepared and purified as above and recrys- 
tallised from chloroform—methanol, had m. p. 185—186° (Found: N, 9-1%). 

3 : 5-cycloCholestan-6-one 2 : 4-Dinitrophenylhydrazone.—3 : 5-cycloCholestan-6-one (i-chole- 
stenone) was converted into the 2 : 4-dinitrophenylhydrazone in the usual way but at room tem- 
perature. Purified as above, and recrystallised from chloroform—methanol, it had m. p. 178— 
179° (Found: N, 10-0. C3,;H,gO,N, requires N, 9-9%). 

This 2: 4-dinitrophenylhydrazone (250 mg.) in ‘‘ AnalaR”’ acetic acid (10 ml.) was refluxed 
with concentrated hydrochloric acid (1 ml.) for 2 hours. Working up in the usual way and 
chromatography over alumina (eluting with benzene) gave 38-chlorocholestan-6-one which, 
recrystallised from methanol, had m. p. 130—131°. This was characterised by conversion into 
the 2 : 4-dinitrophenylhydrazone (see below). 

38-Chlorocholestan-6-one 2: 4-Dinitrophenylhydrazone.—38-Chlorocholestan-6-one, m. p. 
129—130° (Windaus and Dalmer, Ber., 1919, 52, 162), gave a 2 : 4-dinitrophenylhydrazone which, 
when purified by chromatography in benzene over alumina and recrystallisation from chloro- 
form—methanol, had m. p. 197—198° (Found: N, 9-35. C3,;H4gO,N,Cl requires N, 9-3%). It 
gave a strongly positive Beilstein test. There was no depression in m. p. on admixture with 
the 2 : 4-dinitrophenylhydrazone of the same m. p. obtained (see above) by the action of acetic— 
hydrochloric acid on 3: 5-cyclocholestan-6-one 2 : 4-dinitrophenylhydrazone. 

Properties of 2:6: 6-Trimethylbicyclo[3 : 2: Ojheptane-1 : 2-dicarboxylic Acid (VI1).—The 
anhydride of this acid (see Barton and Lindsey, Joc. cit.) was treated with bromine in purified 
thionyl chloride under reflux for 6 hours, with bromine in thionyl chloride at 115° (sealed tube) 
for 15 hours, and with bromine alone at 110° (sealed tube) for 15 hours. In each case starting 
material was recovered unchanged, characterised by hydration (boiling water) to the parent 
dicarboxylic acid (m. p. and mixed m. p.)._ More drastic conditions of attempted bromination 
led to intractable products. The dicarboxylic acid (750 mg.) was recovered unchanged after 
being heated at 180° in 20 ml. of concentrated hydrochloric acid for 5 hours. Heating overnight 
gave only intractable products. Similar experiments were carried out with the anhydride at 
220° in acetic anhydride. 

The dicarboxylic acid (400 mg.) was converted into its dimethyl ester with diazomethane. 
The ester was heated with 10% methanolic potassium hydroxide (50 ml.) for 4 hours. Un- 
changed neutral material (200 mg.) was recovered. The experiment was repeated with 50%, 
methanolic potassium hydroxide for 6 hours: in this case there was no unchanged neutral 
fraction. It is to be concluded that both the carboxyl groups in the dicarboxylic acid are 
sterically hindered. 

Treatment of Caryophyllene and of Dihydrocaryophyllene with Phenyl Azide.—Caryophyllene, 
[a], —9-13° (homogeneous) (500 mg.), was treated with phenyl azide (750 mg.). Admixture led 
to no spontaneous reaction or evolution of heat. After 6 months at room temperature there was 
still no indication of reaction. The same results were obtained with dihydrocaryophyllene, 
b. p. 110°/4 mm., n#? 1-4888, [«]?? —23-15° (homogeneous); working up gave unchanged dihydro- 
caryophyllene. 
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413. Substituted Aromatic Glycols prepared by Electrolytic Reduction. 
By Mitton J. ALLEN, JAMEs E. Fearn, and Harotp A. LEVINE. 


The pinacols from p-acetamidobenzaldehyde, p-acetamido-w-dimethyl- 
aminopropiophenone, and w-dimethylaminopropiophenone were prepared by 
electrolytic reduction at a constant reference potential. Attempted 
rearrangement of 4: 4’-bis-p-acetamidohydrobenzoin and 3: 4-bis-p-acet- 
amidophenyl-1 : 6-bisdimethylaminohexane-3 : 4-diol to their respective pina- 
cones was unsuccessful, The pinacol | : 6-bisdimethylamino-3 ; 4-diphenyl- 
hexane-3 : 4-diol, on treatment with 80% sulphuric acid, was rearranged to 
1 : 6-bisdimethylamino-4 : 4-diphenylhexan-3-one. 


CONTINUING our work on the preparation of substituted glycols by electrolytic reduction 
at controlled reference potential (Allen and Corwin, J]. Amer. Chem. Soc., 1950, 72, 114, 
117; Allen, tbid., p. 3797; 1951, 73, 3503; J. Org. Chem., 1950, 15, 435; J., 1951, 1598; 
Levine and Allen, J., 1952, 254) we set out to prepare the pinacols of -acetamido- 
benzaldehyde, p-acetamido-w-dimethylaminopropiophenone, and w-dimethylaminopropio- 
phenone. We also attempted rearrangements of the pinacols to their respective pinacones. 

The pinacol of p-acetamidobenzaldehyde was prepared in 79% yield in boiling aqueous- 
alcoholic potassium acetate, at a constant reference potential of —1-55 v (versus a standard 
calomel electrode with an instrument previously described; Allen, Analyt. Chem., 1950, 
22, 804; Trans. Electrochem. Soc., in the press). Use of aqueous-alcoholic potassium 
hydroxide as the catholyte medium gave only a 34% yield of the pinacol. An acidic 
medium was not used for fear that the aldehyde or its hydrobenzoin might be deacetylated 
at the elevated temperatures used. The yield of pinacol was negligible when the reaction 
was carried out at room temperature. Treatment of the 4: 4’-bisacetamidohydrobenzoin 
with varying concentrations of aqueous hydrochloric acid or sulphuric acid resulted in the 
formation of unidentifiable tars. This pinacol is not affected by acetic anhydride containing 
catalytic amounts of sulphuric acid. Since 4: 4’-bisdimethylaminohydrobenzoin is 
rearranged to the deoxybenzoin by aqueous hydrochloric acid (Allen, J]. Amer. Chem. Soc., 
1951, 73, 1841), it is possible that the acetamidohydrobenzoin is rearranged and that, owing 
to the nature of the reagents used, the product formed is deacetylated to a very unstable 
compound. 

The Mannich base, p-acetamido-w-dimethylaminopropiophenone hydrochloride whose 
preparation was unsuccessful in Mannich’s laboratories (Mannich and Lammering, Ber., 
1922, 55, 3510), was successfully prepared in excellent yield. The pinacol, 3: 4-bis-p- 
acetamidophenyl-1 : 6-bisdimethylaminohexane-3 : 4-diol, was prepared by reduction at a 
reference potential of —1-7v in 50% acetic acid; the yield of pinacol (37-5%) is 
satisfactory in view of the instability of the starting ketone. Reductions performed in 
mineral acid or basic media resulted in a negligible yield of the desired pinacol in addition 
to a large amount of unidentifiable decomposition products. Treatment of the pinacol 
with equal volumes of concentrated hydrochloric acid and water merely caused 
deacetylation. This is probably to be expected as the substituents on the hydroxylated 
carbon atoms in acidic medium both have electron attraction of about the same order of 
magnitude, thus holding the hydroxyl group securely in place. Dilute sulphuric acid 
also caused deacetylation. 

The pinacol, 1 : 6-bisdimethylamino-3 : 4-diphenylhexane-3 : 4-diol was prepared by 
reduction at a reference potential of —0-85 v, in boiling 3N-hydrochloric acid. Lowering 
the acid concentration did not significantly decrease the amount of pinacol formed. 
Reduction at 30° gave a lower yield. In N-sulphuric acid as supporting electrolyte a 
slightly lower yield was obtained than in refluxing hydrochloric acid. 

This pinacol was relatively resistant to rearrangement. Refluxing moderately strong 
acids, such as formic or dilute hydrochloric, had no effect. Partial conversion was effected 
by 64% sulphuric acid at 100°. Rearrangement proceeded smoothly when the pinacol 
was heated in 80% sulphuric acid or merely dissolved in the concentrated acid. The crude 
rearrangement product as free base was an oil which slowly lost dimethylamine and 
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decomposed extensively when distilled. It was characterized as picrate and ditoluene-p- 
sulphonate. Oxidation to benzophenone and formation of a pyrazoline by reaction with 
phenylhydrazine proved that the compound was | : 6-bisdimethylamino-4 : 4-diphenyl- 
hexan-3-one. Apparently rearrangement was complete and went exclusively in one 
direction since no benzoic acid was found on oxidation. The migration of the phenyl 
group agrees with the observation that the strongest electron-donating group migrates 
preferentially when symmetrical pinacols are rearranged (Bachman and Sternberger, 
J. Amer. Chem. Soc., 1934, 56, 170; Price and Mueller, ibid., 1944, 66, 634; Allen and 
Corwin, loc. cit.; Allen, ibid., 1951, 78, 1841). 


{*NHMe,{(CH,),"CPh(OH)}, ——>» +NHMe,*[CH,),“CPh,-CO-[CH,)},*NHMe,* 


| 
| mann, 
NMe,‘[CH,) sen COPh, 
N CH, 
\ Jf 


NPh 
The crude $-form of the pinacol when treated with 80% sulphuric acid rearranged to 
give a product identical with that obtained from the «-form. 


EXPERIMENTAL 
M. p.s were taken on a Kofler hot stage and are corrected. 

4: 4’-Bis-p-acetamidohydrobenzoin.—The cell used was that previously described (Levine 
and Allen, Joc. cit.). A mercury cathode with an area of 23-5 cm.? was used. The anode was of 
platinum. 

The catholyte consisted of a mixture of p-acetamidobenzaldehyde (5 g.) in ethanol (30 ml.), 
and potassium acetate (13-5 g.) in distilled water (11-2 ml.). The anolyte was aqueous potassium 
carbonate (40%). Ata reference potential of —1-55 v and at the b. p. (81°) the initial current 
density was 0-178 amp. per cm.*. After 14 minutes the current reached a plateau of 
0-002 amp. per cm.2. The catholyte was filtered, diluted with water (200 ml.), and chilled 
overnight. The precipitate was washed with water and dried in vacuo. The pinacol (3-95 g.) 
melted at 258—260°. Recrystallization from 2-ethoxyethanol-ether (1:1) gave colourless 
crystals, m. p. 265—266° (Found: C, 66-1; H, 6-3; N, 8-3. C,sH.,O,N, requires C, 65-8; 
H, 6-1; N, 85%). 

Attempts to rearrange this product by mineral acids of various strengths gave unidentifiable 
tars. On treatment with acetic anhydride and a few drops of concentrated sulphuric acid, 
the pinacol was quantitatively recovered. 

p-Acetamido-w-dimethylaminopropiophenone Hydrochloride.—p-Acetamidoacetophenone (248 
g.), dimethylamine hydrochloride (184-8 g.), paraformaldehyde (42 g.), n-propyl alcohol 
(280 ml.), and concentrated hydrochloric acid (14 drops) were heated under reflux for 
30 minutes. An additional amount of paraformaldehyde (10-5 g.) was then added and refluxing 
continued for another 30 minutes. Acetone (280 ml.) was then added and the whole allowed to 
cool slowly to room temperature and then chilled overnight. The bright yellow hydrochloride 
was filtered off, washed with alcohol and then acetone, and dried (313 g.). Recrystallization 
from 83% ethanol gave light yellow crystals (266-7 g.), m. p. 203° (Found: C, 57-7; H, 7-2; 
N, 9:95. C,,;H,,O,N,Cl requires C, 57-7; H, 7-1; N, 10-35%). 

3 : 4-Bis-p-acetamidophenyl-| : 6-bisdimethylaminohexane-3 : 4-diol.—The electrolysis cell used 
in this preparation consisted of a 1500-ml. beaker, with a mercury cathode of 103-8 cm.” area. 
An alundum crucible, 16-5 cm. high by 5 cm. in diameter, served as the anode chamber in which 
was placed a sheet of platinum 10 x 10cm. bent to encircle the inner surface. 

The catholyte consisted of p-acetamido-w-dimethylaminopropiophenone hydrochloride 
(135 g.) in 50% aqueous acetic acid (500 ml.). The anolyte was 50%, aqueous acetic acid. Ata 
reference potential of —1-7 Vv and 52° the initial current was 0-047 amp. per cm.*. After 
360 minutes the current gave a plateau at 0-014 amp./cm.?. The catholyte was distilled at a 
reduced pressure to a small volume, basified with dilute sodium hydroxide, and chilled overnight. 
‘The aqueous fraction was decanted off and the residue washed with water. The residue was 
then triturated with hot ethanol (75 m1.), chilled, filtered, and washed lightly with cold ethanol and 
then ether (yield, 32-4g.; m. p. 285—286°). Recrystallized from ethanol the colourless diol had 
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m. p. 286—287° (Found: C, 66-2; H, 8-0; N, 11-8. C,,H,;,0,N, requires C, 66-4; H, 8-1; 
N, 11-9%). 

3 : 4-Bis-p-aminophenyl-1 : 6-bisdimethylaminohexane-3 : 4-diol—The above pinacol (1 g.) 
was dissolved in concentrated hydrochloric acid (5 ml.) and water (5 ml.), and the whole refluxed 
for 20 hours. The cooled solution was made basic and extracted a number of times with ether. 
The ethereal solution was evaporated to a small volume and chilled. The crystals of amine 
(0-65 g.) had m. p. 214-5—215-5° and, on recrystallization from ethanol, m. p. 215—216° (Found : 
C, 68-3; H, 8-7. C,,H,,0,N, requires C, 68-4; H, 8-9%). 

1 : 6-Bisdimethylamino-3 : 4-diphenylhexane-3 : 4-diol—A_ solution of «-dimethylamino- 
propiophenone (21-3 g.) in concentrated hydrochloric acid (12-5 ml.) and distilled water (27-5 ml.) 
was placed in the cathode chamber. The anolyte was 3Nn-hydrochloric acid. A mercury 
cathode and a platinum anode were employed. The contents were heated to the b. p. (106°) 
and at a reference potential of —0-85 v the current density was 0-221 amp. per cm.*. After 
30 minutes the current had decreased and there was a plateau at 0-055 amp./cm.?._ The cooled 
catholyte was made basic with a slight excess of 30% sodium hydroxide solution and extracted 
with ether, the ethereal extracts were dried and on evaporation gave a yellow semi-solid oil 
(8-71 g.). Crystallization from cold ethanol gave the «-form of the pinacol, m. p. 146-9— 
148-4 (1-25 g.) (Mannich and Heilner, Ber., 1922, 55, 356, reported m. p. 146°). Evaporation of the 
mother-liquor followed by recrystallization from acetone (10 ml.)—water (7-5 ml.) gave the colour- 
less -form, m. p. 86—90° (2-34 g.), contaminated with a small amount of the «a-form. Repeated 
fractional crystallization from ethanol—water gave a small amount of the pure $-form as large 
trapezoid-faced cubic crystals, m. p. 107-4—108-9° (lit., sinter 100°, melt 107°). 

The addition of an alcoholic solution of the a-form to a saturated solution of picric acid 
gave a picrate as plates, m. p. 253—254° (decomp.). The $-form gave a picrate, m. p. 212— 
213° (decomp.). 

The diacetate of the «-form was prepared by use of boiling acetic anhydride (4 parts). 
Crystallization of the washed product from dioxan—water gave crystals which melted at 104-5— 
107-5° with evolution of water, solidified, and remelted at 124—128°. Crystals obtained from 
methanol showed similar behaviour. Recrystallization from n-butyl ether gave colourless 
rhombic crystals of the diacetate, m. p. 137—138° (Found: C, 70:8; H, 82; N, 6-4. 
CygH;,0,N, requires C, 70-9; H, 8-2; N, 6-4%). 

1 : 6-Bisdimethylamino-4 : 4-diphenylhexan-3-one.—A mixture of crude pinacols (32 g.) and 
80% sulphuric acid (80 ml.) was stirred until complete solution had occurred, then heated to 
100° and kept at that temperature for 15 minutes. The resulting brown solution was diluted 
with three volumes of water, chilled in an ice-bath, and cautiously basified with an excess of 
concentrated ammonia solution. The aqueous layer was decanted and extracted with ether, 
and the ethereal extracts were washed with water and then dried (Na,SO,). Evaporation under 
reduced pressure gave a clear pale yellow oil (29-6 g.).. A crystalline picrate, m. p. 177—179°, 
was prepared by adding an alcoholic solution of the product to saturated alcoholic picric acid. 

The ditoluene-p-sulphonate was prepared by mixing cool alcoholic solutions of the rearrange- 
ment product (1-69 g.) and toluene-p-sulphonic acid monohydrate (1-9 g.). isoPropyl ether 
was added until the solution became turbid and the whole was refrigerated. The white 
crystalline material (3-1 g.), m. p. 166-5—168°, recrystallized from cold methanol (25 ml.) by 
addition of isopropyl ether (60 ml.), gave the pure compound, m. p. 167-5—168° (Found: C, 
63-5; H, 6-6; N, 4:1. C3gHy,0,N.S, requires C, 63-3; H, 6-8; N, 4:1%). 

Oxidation of 1 : 6-Bisdimethylamino-4 : 4-diphenylhexan-3-one.—A solution of freshly prepared 
rearrangement product (5 g.) in 2N-hydrochloric acid (50 ml.) was slowly added to a boiling 
mixture of potassium permanganate (56 g.), sodium hydroxide (3 g.), and water (150 ml.). 
The mixture was then steam-distilled. The distillate was extracted with ether and the extracts 
were evaporated, to give an amber-coloured oil (1-33 g.). The oil was purified by boiling alkaline 
permanganate solution followed by steam-distillation. The almost colourless oil obtained 
distilled at 307—308° (benzophenone, b. p. 306°) and completely solidified to give a solid, m.p. 
47—48° on seeding with a crystal of the stable form of benzophenone. It was finally identified 
as benzophenone by preparation of the phenylhydrazone and the oxime. Benzoic acid could 
not be found in the oxidation mother-liquors. 

Reaction of Phenylhydvazine with the Foregoing Pinacone.—A mixture of the crude rearrange- 
ment product (2-03 g.), phenylhydrazine (1-3 g.), sodium acetate (1 g.), and 50% acetic acid 
(10 ml.) was heated at reflux for 12 hours, then diluted with water, basified with 30% sodium 
hydroxide solution, chilled to solidfy the precipitated oil, and filtered. Recrystallization of the 
crude yellow solid obtained, from ethanol (10 ml.), gave a colourless microcrystalline material 
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(0-87 g.), m. p. 115—116-5°. By analogy with the work of Jacob and Machinaveita (J., 1937, 
1929) the compound is a pyrazoline obtained by cyclization of the phenylhydrazone of the 
Mannich base ketone. It is probably 3-(3-dimethylamino-1 : )-diphenylpropyl)-1-phenyl- 
pyrazoline (Found: C, 81-6; H, 7-6; N, 10-8. C,,H,,N, requires C, 81-4; H, 7-6; N, 11-0%). 

NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF HEALTH, 

PUBLIC HEALTH SERVICE, FEDERAL SECURITY AGENCY, 
BETHESDA, MARYLAND, U.S.A. 
[PRESENT ADDRESSES : 


(M. J. A.) C1BA RESEARCH LABORATORIES, 
SUMMIT, NEW JERSEY. 
(H. A. L.) ANsco RESEARCH LABORATORIES, 
BINGHAMPTON, NEW YORK. } [Received, January 30th, 1952.) 


414. Liquid-phase Reactions at High Pressures. Part VII.* The 
Polymerisation of 1 : 2-Dichloroethylene. 
By K. E. WEALE. 
The peroxide-catalysed polymerisation of trans-1 : 2-dichloroethylene has 


been examined at pressures up to 8000 atmospheres. High pressures favour 


the formation of polymers higher than dimer, and increase the yield of 
insoluble solid polymer. 


THE study of trans-1 : 2-dichloroethylene was initiated to confirm that no dimerisation or 
isomerisation occurs under pressure, which could interfere with compression measurements 
on the liquid (Newitt and Weale, J., 1951, 3092). Samples kept at pressures up to 10,000 
atmospheres were recovered, as expected, with unchanged boiling point and refractive 
index. Experiments have been extended to dichloroethylene containing benzoyl peroxide, 
as the effect of pressure on the catalysed polymerisation is of interest. 

In contrast with 1 : 1-dichloroethylene, the symmetrical isomers do not polymerise 
readily. Mahncke and Noyes (J. Amer. Chem. Soc., 1936, 58, 932) report the formation 
of very small quantities of solid from the vapour of both isomers on irradiation by ultra- 
violet light. The product from the cis-form melted sharply at 103-5—104° (Found: Cl, 
72-5. Calc. for C,H,Cl,: Cl, 73-2%). Various patent specifications (G.P. 718,057; Bauer, 
B.P. 517,195, F.P. 840,867, U.S.P. 2,267,712) describe the liquid-phase polymerisation of 
both isomers, with peroxide catalysts or in ultra-violet light: the products are almost 
entirely liquid polymers, with total yields up to 35%, and a weight ratio dimer : higher 
polymers varying from 0-5 to 3-5 at higher temperatures. Bauer (F.P. 840,867), by pro- 
longed refluxing (200 hours) of the trans-isomer with 1% by weight of benzoyl peroxide, 
obtained 16-6%, of dimer, 13-5% of higher liquid polymers, and also 1-5°% of white powder, 
insoluble in ether. ; 

Breitenbach, Schindler, and Pflug (Monatsh., 1950, 81, 21) obtained 46-5°% and 43-7% 
conversion of tvans- and cis-isomers, respectively, at 90° (1 mol.% of benzoyl peroxide) 
into a dimer (cryoscopic measurements in benzene). At lower temperatures, with 0-1 mol.°%, 
of o-bromobenzoyl peroxide, the ¢vans-isomer yielded an insoluble white polymer (2-7°% 
after 100 hours at 40°) and up to 10% of liquid polymers. These authors attribute the 
first observation of an insoluble polymer of ¢vans-dichloroethylene to Ebert and Biill (Biill, 
Diss., Wiirzburg, 1931), who initiated the reaction photochemically. Later, Ebert and 
Eichinger (Eichinger, Diss., Vienna, 1944) could not obtain a similar product from the cis- 
isomer. 

Frank and Blackham’s results (J. Amer. Chem. Soc., 1950, 72, 3283) are quoted in part 
in the table below. In addition, at 70° (72 hours), they obtained the high yield of 71-0% of 
polymers, with a dimer : higher polymer ratio of 1:1, but they do not describe a solid 
polymer. The results of an experiment at atmospheric pressure with a cis—trans mixture 
are included in the table. No detectable amount of solid polymer was found, and the total 
yield is slightly less than was reported by Frank and Blackham ; the dimer : higher polymer 
ratio is between their limits for the pure isomers. 


* Part VI, J., 1939, 1770. 
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The table illustrates the effect of high pressures on the catalysed polymerisation of 
trans-dichloroethylene. The total yields increase markedly with temperature and to a small 
extent with pressure. High pressures tend to decrease and higher temperatures to increase 
the ratio of dimer to higher polymers, and this ratio is always lower than at ordinary 
pressure. The ratio was not determined at 15° (5% yield), or in the experiments at 8000 
atm. where, instead of the usual mixture of monomer, liquid polymers, and gelatinised 
white solid, the product was a soft waxy plug, difficult to separate into its components. 
At 85—100°, depending on pressure, decomposition led to a carbonised product containing 
chlorinated methanes. 


Polymerisation of 1 : 2-dichloroethylene (with 1 mol.°%, of benzoyl peroxide). 
Wt. ratio, 
Reaction Higher dimer : 
time Pressure Yield, Dimer, Solid, higher 
(hrs.) Temp. (atm.) % % % polymers 
61—78-4° 1 > . . -- 2-2 
(cis) 
49—64-4 l 
55—65 
(cis-tvans) 
1 


5 
7 
5 
2 
9 
7 
0 


The tabulated results are for trans-dichloroethylene, except where indicated. The 
first two are quoted from Frank and Blackham (loc. cit.) who used 1-2 mol.% of peroxide. 

High pressures are well known to exert a profound effect on polymerisation reactions 
(Part II, J., 1937, 1784). Merrett and Norrish (Proc. Roy. Soc., 1951, A, 206, 309) attribute 
the acceleration of styrene polymerisation to a speeding up of the “‘ slow’’ bimolecular 
propagation reaction, which probably occurs in the present case. Here the propagation 
competes with the formation of dimer by transfer from the active dimer radical to the 
monomer. This may be formulated (cf. Mayo, Wilzbach, and van Meter, J. Amer. Chem. 
Soc., 1948, 70, 4069), so that a chlorine atom passes from a dimer radical to a molecule of 
monomer, or vice versa, but in either case it must be less (if at all) accelerated by pressure 
than is the propagation reaction. 


EXPERIMENTAL 


trans-Dichloroethylene, b. p. 48-5—49°, nj’® 1-4465 was obtained by fractionation of 
technical material. A small amount of cis-dichloroethylene, (b. p. 60—61°, n}?® 1-4482) was 
made by bromine-catalysed isomerisation (Jones and Taylor, J. Amer. Chem. Soc., 1940 62, 
3480). The reacting liquid was confined over mercury in Pyrex-glass tubes, which were im- 
mersed in oil in steel pressure-vessels. The reaction product was taken up in ether, solid 
polymer being recovered by filtration and washing with ether. The ether and unchanged 
monomer were removed by evaporation, and the dimer was separated from higher liquid 
polymers by distillation at reduced pressure. 

The dimer, b. p. 95—100°/30 mm., nf 1-517 (in agreement with previous observations), 
identified by Bauer as 1 : 3: 4: 4-tetrachlorobut-l-ene, did not react in the presence of benzoyl 
peroxide at the highest pressure used. The dry solid polymer is a white amorphous powder 
(Found: Cl, 74-6. Calc. for [CHCl],: Cl, 73-2%), which swells and becomes gelatinous in 
contact with organic solvents but does not dissolve. It is unchanged at 160—170°, softens 
slightly at higher temperatures, and fumes at 215°. The solid is obviously not identical with 
Mahncke and Noyes’s sharp-melting product, but is probably the same as that obtained by Bauer 
and by Breitenbach et al. The same substance was obtained (8% yield) from the cis-isomer at 
75° /3000 atm. 

DEPARTMENT OF CHEMICAL ENGINEERING & APPLIED CHEMISTRY, 

IMPERIAL COLLEGE OF SCIENCE & TECHNOLOGY, 
Lonpon, S.W.7. [Received, November 17th, 1951.) 
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415. Carcinogenic Nitrogen Compounds. Part XI.* Indeno(3’ : 2’- 
2: 3)indoles, Benzindeno(3’ : 2’-2 : 3)indoles, and Related Compounds. 


By Nec. Px. Buvu-Hoi and Ne. D. Xvone. 


A number of indeno(3’ : 2’-2 : 3)indoles and their 4: 5- and 6: 7-benzo- 
analogues and similar compounds have been synthesised for their carcinogenic 
activity to be tested. Several 3-substituted derivatives of 4: 5- and 6: 7- 
benzindoles, considered as simpler models of the carcinogenic dibenzocarbazoles, 
have also been prepared. In the course of this research, a wide series of new 
2-arylideneindan-l-ones and 2-arylidenebenzosuberones was obtained. 


THE versatile carcinogenic activity of benzocarbazoles and dibenzocarbazoles (Boyland 
and Brues, Proc. Roy. Soc., 1937, B, 122, 429; Schiirch and Winterstein, Z. physiol. Chem., 
1935, 236, 79; Lacassagne, Buu-Hoi, Royer, and Zajdela, Compt. rend. Soc. biol., 1947, 
141, 635) and their inhibitory effect on grafted tumours (Badger et al., Proc. Roy. Soc., 
1942, B, 130, 255) warrant the search for possible similar biological properties in structurally 
related nitrogenous heterocyclic compounds. The present work deals with compounds 
in the series of indeno(3’ : 2’-2 : 3)indole, one member of which, 4 : 5-benzindeno(3’ : 2’- 
2: 3)indole, has already been found slightly carcinogenic (see Buu-Hoi, Hoan, and Khdi, 
J. Org. Chem., 1950, 15, 131); particular consideration has been given to the introduction 
of alkyl and halogen radicals. 

Indeno(3’ : 2’-2 : 3)indole (I) itself was prepared by Hausmann (Ber., 1889, 22, 2021) 
by acid cyclisation of indan-l-one phenylhydrazone. Extension of this reaction to 
6-methylindan-l-one #-tolylhydrazone and ~-bromophenylhydrazone readily yielded the 
5 : 5’-dimethyl and 5-bromo-5’-methyl derivatives; the lower homologue of the latter had 
already been prepared by Plant and Tomlinson (J., 1931, 3324). 5’-isoPropyl-, 5’-chloro-, 


5’-chloro-5-methyl-, and 5-bromo-5’-chloro-indeno(3’ : 2’-2 : 3)indole were similarly pre- 
pared from the appropriate arylhydrazones of 6-isopropyl- and 6-chloro-indan-l-one ; 
5’-methylthianaphtheno(3’ : 2’-2 : 3)indole (II; R = Me), a compound structurally akin, 
was synthesised from 2 : 3-dihydro-3-keto-5-methylthianaphthen phenylhydrazone by 
the same reaction. Pentacyclic compounds included 4’ : 5’-benzindeno(3’ : 2’-2 : 3)indole, 
prepared by indolisation of 6: 7-benzindan-l-one phenylhydrazone; on the other hand, 
indolisation of the «- and $-naphthylhydrazones of 6-methyl- and 6-chloroindan-l-one 
yielded 5’-methyl- and 5’-chloro-6 : 7-benzindeno(3’ : 2’-2 : 3)indole and 5’-methyl- and 
5’-chloro-4 : 5-benzindeno(3’ : 2’-2 : 3)indole, respectively. 

Indolisation of benzosuberone phenylhydrazone yielded 6’ : 7’-benzocycloheptadieno- 
(1’ : 2’-2: 3)indole (III; R = H), a substance with the surprisingly low melting point of 
98°, compared with that of indeno(3’ : 2’-2 : 3)indole (>247°); the corresponding 5-bromo- 
compound (III; R = Br) also melts at a considerably lower temperature than 5-bromo- 
indeno(3’ : 2’-2 : 3)indole; the melting points of the 6: 7- and the 4 : 5-benzo-derivative 
of (III; R = H) arealsoremarkably low. These divergences are probably to be associated 
with the acidic character of the methylene group in indene derivatives, compared with the 
normal properties of those in benzocyclopentadieno-compounds. 

As simpler models of 4 : 5- and 6 : 7-benzindeno(3’ ; 2’-2 : 3)indole, 3-methyl-2-phenyl- 
4:5- and -6:7-benzindole were prepared by indolisation of propiophenone 6- and 
a-naphthylhydrazone; 3-ethyl-2-phenyl- and 2-phenyl-3-n-propyl-4 : 5-benzindole, pre- 
pared from the $-naphthylhydrazones of propiophenone and m-butyrophenone, are similarly 


* Part X, J., 1952, 279. 
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simpler models of the carcinogenic 3 : 4-dihydro-1 : 2-5 : 6-dibenzocarbazole (this substance 
is slightly active in the production of sarcomas in subcutaneous injections; Lacassagne, 
Zajdela, Buu-Hoi, Hoan, and Xuong, Bull. Cancer, in the press) and of 4: 5-6’ : 7’-di- 
benzocycloheptadieno(3’ : 2’-2 : 3)indole, respectively. 

None of the above compounds tested has thus far produced tumours in mice. 

During this research, various indan-l-ones and benzosuberones were condensed with 
aromatic aldehydes, furfuraldehyde, and thiophen aldehydes to give a series of new 2-aryl- 
ideneindan-l-ones, 2-arylidenebenzosuberones, and similar compounds (for previous work 
on this subject see, inter alia, Kipping, J., 1894, 65, 269; Feuerstein, Ber., 1901, 34, 412; 
von Braun and Manz, Annalen, 1929, 468, 258; Pfeiffer and Milz, Ber., 1938, 71, 272). 
These compounds, listed in the Tables, gave deep halochromic colours ranging from scarlet 
to violet, except for the derivatives of nitrated and halogenated benzaldehydes (hypso- 
chromic effect of the halogen and nitro-groups) and of #-dimethylaminobenzaldehyde 
(‘‘ salt ’’ effect). 


EXPERIMENTAL 


Preparation of Intermediates.—The various substituted indan-l-ones were prepared from the 
corresponding ring-substituted $-phenylpropionic acids, and the latter from the corresponding 
substituted benzyl chlorides, by conventional methods. 6-Ethylindan-l-one was characterised 
by its semicarbazone, crystallising from ethanol in fine, colourless prisms, m. p. 249° (Found : 
N, 19-2. C,,H,,ON, requires N, 19-4%); 4: 6-dimethylindan-1l-one semicarbazone formed from 
ethanol fine needles, m. p. 233° (Found : N, 19-3. C,,H,,;ON, requires N, 19-4%); 6-isopropyl- 
indan-l-one semicarbazone formed from ethanol fine prisms, m. p. 232° (Found: N, 18-2. 
C,3H,,;ON, requires N, 18-2%). 

5 : 5’-Dimethylindeno(3’ : 2’-2: 3)indole—A mixture of /p-tolylhydrazine hydrochloride 
(2 g.), 6-methylindan-l-one (1-5 g.), and sodium acetate (3 g.) was heated in ethanol for 30 
minutes, and the p-tolylhydrazone formed on addition of water was collected and converted 
into the indole in the crude state by 2 minutes’ boiling of its solution in acetic acid saturated 
with hydrogen chloride. The precipitate obtained (80% yield) by pouring the mixture into 
water crystallised from toluene as sublimable, colourless needles, m. p. 231° (Found: C, 87-5; 
H, 6-6. C,,H,,;N requires C, 87-5; H, 6-4%), giving a yellow colour with sulphuric acid, and a 





Arylidene group 


2-Thenylidene 

: 5-Dimethy]-3-thenylidene 
2-Chlorobenzylidene 
-Chlorobenzylidene 
: 4-Dichlorobenzylidene 
: 4-Dichlorobenzylidene 
3: 4-Dimethoxybenzylidene 
1-Naphthylmethylene 
5-Acenaphthylidene 
3-Pyrenylidene 


‘ 


€ 
. 


2-Furfurylidene 
2-Thenylidene 
2-Chlorobenzylidene 
4-Chlorobenzylidene 

2 : 4-Dichlorobenzylidene 
3 : 4-Dichlorobenzylidene 
4-Dimethylaminobenzylidene 
3-Nitrobenzylidene 
2-Methoxybenzylidene 
4-Methoxybenzylidene 

3 : 4-Dimethoxybenzylidene 
Piperonylidene 
1-Naphthylmethylene 
2-Naphthylmethylene 


2-Methoxy-1l-naphthylmethylene ... 


5-Acenaphthylidene 
3-Pyrenylidene 


Formula 


‘15H 20, 
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Colour with 
H,SO, 


2-Arylideneindan-1-ones. 


Blood-red 
Crimson-red 
Yellow 
Yellow 
Yellow 
Yellow 
Violet-red 
Violet-red 
Dark violet 
Dark violet 


2-Arylidene-6-methylindan-1-ones. 


Red 
Blood-red 
Deep yellow 
Yellow 
Canary-yellow 
Canary-yellow 
Yellow 

Deep yellow 
Blood-red 
Blood-red 
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Deep red 
Deep red 
Deep violet 
Deep violet 
Deep violet 
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Arylidene group 


3 : 4-Dimethoxybenzylidene 
4-Chlorobenzylidene 

2 : 4-Dichlorobenzylidene 

3 : 4-Dichlorobenzylidene 
3-Nitrobenzylidene ................. 
4-Dimethylaminobenzylidene 
5-Acenaphthylidene 


4-Chlorobenzylidene 

3 : 4-Dichlorobenzylidene 
3-Nitrobenzylidene 
4-Dimethylaminobenzylidene 
5-Acenaphthylidene 


4-Dimethylaminobenzylidene 
2-Methoxybenzylidene 
4-Methoxybenzylidene 
2-Chlorobenzylidene 
4-Chlorobenzylidene 

2 : 4-Dichlorobenzylidene 

3 : 4-Dichlorobenzylidene 

3 : 4-Dimethoxybenzylidene 


POND dascssncecsesesesvesses 


1-Naphthylmethylene 
2-Naphthylmethylene 
5-Acenaphthylidene 
3-Pyrenylidene 


4-Dimethylaminobenzylidene 
3 : 4-Dimethoxybenzylidene 
Piperonylidene 
2-Chlorobenzylidene 
4-Chlorobenzylidene 

2 : 4-Dichlorobenzylidene 

3 : 4-Dichlorobenzylidene 
4-Methoxybenzylidene 
2-Naphthylmethylene 
5-Acenaphthylidene 
3-Pyrenylidene . 


4-Dimethylaminobenzylidene 
4’-Chlorobenzylidene 

2 : 4-Dichlorobenzylidene 
3-Nitrobenzylidene 
4’-Methoxybenzylidene 
Piperonylidene 
1-Naphthylmethylene 


2-Methoxy-l-naphthylmethylene ... 


3-Pyrenylidene 
3 : 4-Dichlorobenzylidene 


Carcinogenic Nitrogen Compounds. 


M. p. Formula 


Colour with 
H,SO, 


2-Arylidene-6-ethylindan-1-ones. 


CopH oo ds 
C,,H,,0Cl 
C,,H,,OCI, 
C,.H,,0Cl, 
a ae C,,H,,0,N 
Cy 9H, IN 
C,,H,,0 


Blood-red 
Orange-yellow 
Yellow 
Yellow 
Canary-yellow 
Canary-yellow 
Deep violet 


dene-6-isopropylindan-1-ones. 


C,9H,,O0CI 
Cy9H,,OCl, 
C,,H,,;0O,N 
C,,H,,ON 

Cy5H yO 


Orange-yellow 
Yellow 
Canary-yellow 
Canary-yellow 
Deep violet 


2-A rylidene-6-chloroindan-1-ones. 


202 
177 
202 
227 
260 
255 
215 
195 
ae 
168 
203 
235 


281 
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oH 136 Cl 
17H! Jol l 
16H j 96 ICI, 
16H OC I, 
rol 6 IC], 
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> 7H 1, Os6 l 
“aoH ,g0C1 
29H y 36 C1 
‘eeH OCI 
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RRA A RFA ARAAAA 


gH ONC] 


Yellow 
Blood-red 
Blood-red 
Deep yellow 
Yellow 
Yellow 
Yellow 
Blood-red 
Violet-red 
Vermilion-red 
Vermilion-red 
Deep violet 
Deep violet 


2-Arylidene-4 : 6-dimethylindan-1-ones. 


20f1,,ON 
20 20! Ys 
1H 106 Is 
riser. C] 
isH ,;0CI 
isH 44! C1, 
eH OCI, 
19H O02 
22H, .O 
‘24H yO 
2sH,,O0 


PRR RFF FF FAA 


Yellow 
Blood-red 
Violet-red 

I Jeep velk Ww 
Yellow 
Pale yellow 
Pale yell Ww 
Blood-red 
Blood-red 

I Jeep Vi let 
Deep violet 


2-Arylidenebenzosuberones. 


Cy9H,,ON 
isH ,,0CI 
isH ,,OCI, 
1sf1,,05N 
19H 1 96 » 
19H y 66 ds 


Ar ARF RA AA 
3 
S ee 


PagHq - 
C,,H,,O0CI, 


Yellow 
Orange -yellow 
Orange-yellow 
Yellow 
Blood-red 
Blood-red 
Vermilion-red 
Deep violet 
Violet-blue 
Orange-yellow 
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violet picrate; 5-bromo-5’-methylindeno(3’ : 2’-2 : 3)indole formed from benzene fine colourk 
prisms, m. p. 199—200°, giving also a violet picrate and with sulphuric acid a yellow colour 


(Found: C, 64-1; H, 4-1. 


Ber., 1890, 23, 1887; 


sublimable leaflets, m. p. 215° (Found: C, 
its 5-methyl derivative formed from xylene colourless leaflets, m. p. 
5:2. C,,H,,NCl requires N, 
from benzene as shiny, colourless leaflets, m. p. 256° (Found: ( 


4:2%); 


requires C, 56-5; H, 2-8%). 


75-0; 


55%) ; 


(Found : 


H, 4-0. 


C,,H,,NBr requires C, 64-4; H, 40%); 
2: 3)indole was purified by vacuum-distillation (b. p. 265 
acid in fine, colourless prisms, m. p. 170 
5’-chloroindeno(3’ : 2’-2 : 3)indole, obtained from 6-chloroindan-l-one (von Miller and 


N, 5-6. 


>, 56-4; 


oroo 
278 


H, 2-6. 


5’-isopropylindeno(3’ 
15 mm.), and crystallised from aceti 
C,,H,,N requires N, 


~ =o 


(Found : 
5-bromo-5’-chloroindeno(3’ : 2’-2 : 3)indole crystallised 


Rohde 
Kenner and Witham, J., 1921, 119, 1452), formed from toluene colourles 
C,;H,)NCl requires C, 75-1; 


H 


N, 


C,,H,NBrCl 
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5’-Methyl(3’ : 2’-2 : 3)thianaphthenoindole formed from benzene yellowish needles, m. p. 
208°, giving with sulphuric acid a violet colour (Found: C, 75-6; H, 4:8. C,;H,,NS requires 
C, 75:9; H, 46%). 

4’ : 5’-Benzindeno(3’ : 2’-2 : 3)indole-—The 6: 7-benzindan-l-one used was prepared by 
aluminium chloride-cyclisation of 2-8-naphthylpropionyl chloride, and had m. p. 102°; the 
indenoindole, obtained in 90% yield, formed from ethanol pale yellow prisms, m. p. 210°, 
giving with sulphuric acid a blood-red colour (Found: C, 89-3; H, 5-2. Cy ,H,,;N requires 
C, 89-4; H, 51%). 

5’-Methyl-6 : 7-benzindeno(3’ : 2’-2: 3)indole formed colourless needles (from benzene; 
yield, 70%), m. p. 227—-228°, giving with sulphuric acid a deep yellow colour (Found: N, 5-3. 
CyH,,N requires N, 5-2%); the corresponding 5’-chloro-compound crystallised from xylene as 
shiny, colourless needles (yield 60%), m. p. 208° (Found : C, 79-0; H, 4:0. C,gH,,NCl requires 
C, 78-8; H, 4:1%). 

5’-Methyl-4 : 5-benzindeno(3’ : 2’-2: 3)indole formed colourless needles (from benzene; 
yield, 80%), m. p. 238°, giving with sulphuric acid a yellow colour (Found: C, 89-0; H, 5-8. 
Cy9H,,N requires C, 89-2; H, 5-6%); the 5’-chloro-analogue separated from toluene as shiny, 
colourless needles, m. p. 205° (Found: C, 78-6; H, 4:2. C,,H,,NCI requires C, 78-9; H, 4:1%). 

6’ : 7’-Benzocycloheptadieno(\’ : 2’-2 : 3)indole formed colourless leaflets, highly soluble in 
benzene, m. p. 98°, giving with sulphuric acid a yellow colour (Found: C, 87-4; H, 6-2. 
C,,H,,N requires C, 87-5; H, 6-4%); the picrate formed from benzene dark violet needles, 
m. p. 143°. The 5-bromo-derivative formed from benzene colourless leaflets, m. p. 130° (Found : 
C, 65-2; H, 4:4. C,,H,,NBr requires C, 65-4; H, 4-5%), giving a dark violet picrate, m. p. 
143°. 

6 : 7-6’ : 7’-Dibenzocycloheptadieno(\’ : 2’-2 : 3)indole formed fine, grey-tinged prisms (from 
methanol), m. p. 103° (Found: C, 89-1; H, 6-0. C,,H,,N requires C, 89-0; H, 6-0%), giving 
a dark violet picrate, m. p. 171° (from benzene); the isomeric 4: 5-6’ : 7’-dibenzo-compound 
crystallised from benzene as colourless needles, m. p. 156° (Found: C, 88-8; H, 6-2%). 

2 : 3-Disubstituted 4: 5- and 6: 7-Benzindoles.—Indoles in this series were obtained in good 
yields in the usual way by means of an acetic acid solution of hydrogen chloride (cf. Buu-Hoi, 
J., 1949, 2882). 3-Methyl-2-phenyl-4 : 5-benzindole formed from methanol fine colourless 
needles, m. p. 147° (Found: C, 88-8; H, 5-6. C,,H,;N requires C, 88-7; H, 5-8%), giving a 
violet picrate, m. p. 161° (from benzene) ; 3-methyl-2-phenyl-6 : 7-benzindole formed from ligroin 
fine, colourless needles, m. p. 117° (Found: C, 89-0; H, 5-7%), giving a violet picrate, m. p. 
166°; 3-ethyl-2-phenyl-4 : 5-benzindole crystallised from methanol as silky, colourless needles, 
m. p. 126° (Found : C, 88:3; H, 6-6. C, 9H,,N requires C, 88-6; H, 6-3%); 2-phenyl-3-n-propyl- 
4: 5-benzindole was extremely soluble in the usual solvents, and had m. p. 85—86° (from light 
petroleum, b. p. 40—60°) (Found: C, 88-2; H, 7-0. C,,H,,N requires C, 88-3; H, 6-7%). 


This work is part of a cancer research scheme, carried out with the financial aid of the 
United States Public Health Service (Federal Security Agency). The authors thank the 
authorities concerned, and Dr. N. H. Khoi for help with the experimental work. 
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416. Studies of the Localization Theory of Organic Reactions. 
Part II1.* The Effects of Substituents. 


By R. D. Brown. 


The general theory of the effect of structural changes on the chemical 
reactivity of an aromatic molecule, developed in Part I* for changes 
corresponding to introduction of hetero-atoms or annelation of other ring 
systems, is now extended to embrace the effects of substituents. The 
change in localization energy produced by a substituent is shown to be 
related to certain conjugation energies of the substituent. The empirical 
relationships of the conjugation energies to self-atom-polarizabilities are 
employed to facilitate calculation of the change in localization energy. 

The results of the theory are illustrated by a detailed application 
to 9-phenyl- and 9: 10-diphenyl-anthracene. It permits a very crude 
estimation of the average relative orientations of the phenyl and the 
anthracene systems in these molecules of 20° in boiling xylene. A probable 
explanation is provided for some apparently contradictory experimental 
results for the Diels—Alder reactions of these molecules and of 6: 13-di- 
phenylpentacene. 

It is noted that alkyl substituents are anomalous and cannot be treated by 
the present theory. 


In Part I * the general theory of the change in reactivity of a conjugated system produced 
by certain alterations to its structure was developed, on the basis of the localization 
treatment of reactivities, for structural changes corresponding to the fusion of a second 
conjugated system to one of the bonds of the first, or to the replacement of one of the 
atoms of the conjugated system by another atom of different electronegativity. In the 
present paper this study is extended to embrace the effects of substituents. 

Let the original conjugated system, A, have a x-electron energy Ey. The localization 
energy, Lo, corresponding to some particular reaction of the molecule, and to some 
particular reactive position (or set of positions) therein, will be given by 


ee | 


where Ej, is the x-electron energy of the residual molecule appropriate to the reaction and 
position of attack chosen. L, and Ej will of course in general depend upon the position 
(or set of positions) in the molecule whose change in reactivity is under consideration. If 
now a substituent X (e.g. vinyl-, phenyl-, chloro-, hydroxy-) is attached to position 7 of 
the original conjugated system, A, then the z-electron energies of the substituted molecule 
and substituted residual molecule may be written 


oo) ee 
Pe ee eS 


E* represents the z-electron energy of X, and C; and Cf the x-electron conjugation energies 
of X with the original molecule and residual molecule, respectively. These conjugation 
energies, as indicated by their subscripts, will in general depend upon the position of 
attachment, 7, in the original and residual molecules. 
Clearly, from (i), (2), and (3), the localization energy of the substituted system is 
given by 
bD—-L=@-GQ@ ...2642+ «© -~ « @ 


while if several different substituents are present, and they may be treated independently 
(which will frequently be an acceptable approximation), equation (4) is to be replaced by 


L—-L=2(0(-—C) ...... « (§& 
the summation being taken over all substituted positions. 


* Part I, J., 1951, 1955. 








2230 Brown: Studies of the 


The relationships considered so far are merely identities resulting from definitions of 
the various x-electron energies concerned. They do not depend upon the assumption of 
any particular quantum-mechanical approximation for calculating these energies, and 
in particular they remain valid for both the valence-bond and the molecular-orbital 
approximations to the energies. To indicate this bold-face symbols have been employed, 
as in Part I. If, however, we particularize to the molecular-orbital approximations to 
these energies (which will now be represented by ordinary italicised symbols) it is possible 
to use certain general results to estimate the relevant conjugation energies. Equation (4) 
[or (5)] then becomes vastly more convenient for discussing changes in reactivity brought 
about by the substituent than the direct method of calculating the necessary localization 
energies of generally rather large conjugated systems. Also it permits us to draw a general 
conclusion about the qualitative effect of substituents of any kind. 

As in Part I we shall consider only the case where the initial conjugated system, A, is 
an alternant hydrocarbon. It is convenient to consider various types of substituent, X, 
separately. 

(i) X is an Alternant Hydrocarbon System.—Conjugation energies of alternant hydro- 
carbons with one another have been discussed in some detail and equations are available 
for the computation of C; directly with relatively high accuracy (Coulson and Longuet- 
Higgins, Proc. Roy. Soc., 1948, A, 195, 188; de Heer, Phil. Mag., 1950, 41, 370; Brown, 
Austral. J. Sci. Res., 1949, A, 2, 564; tdem, ibid., in the press). The relationships involve 
the self-atom-polarizabilities of the two positions in A and X, respectively, through which 
the conjugation is effected. The self-atom-polarizabilities have been studied only for 
uncharged molecules with even numbers of x-electrons, so the equations cannot at present 
be employed to estimate Cj if one of the components is a radical or ion. In the case of 
electrophilic, nucleophilic, and homolytic substitution reactions the residual molecules fall 
in these latter categories, so the use of equation (4) and the empirical relationships for 
estimating C,; and Cj must at present be restricted to the Diels-Alder reaction and the 
osmium tetroxide oxidation, for which the residual molecules are uncharged and contain 
even numbers of z-electrons. However, attempts are being made to obtain conjugation- 
energy relationships applicable to the other types of residual molecule which arise from 
consideration of the other organic reactions. 

Suppose position x in X is linked tot in A. Then from the explicit expression for the 
conjugation energy (Brown, Austral. J. Sct. Res., in the press) 


C; = —(0-811 4%. + 0-062) ies ees a ee 
or * C's = —(0-623-/ ae —O-1382)y . . wwe CY) 


where 2; and 2, are the magnitudes of the self-atom-polarizabilities of position 7 in A and 
x in X (in units of 1/8). A similar expression, with 4% replaced by 4, results for Cj, of 
course, so (4) may be written 


L—Lo=—wlm—uwb - - 2 2 2 ew ee CM) 
or L’—Lg=wlei—-wdy «5... 2+ 2 - & 


In these equations we have for convenience written p = 0-9014/’ and py’ = 0-789+/ 2. 
Numerical values of » and pz’, which may be regarded as conjugating powers, have been 
tabulated for various positions in a large number of alternant hydrocarbons (Brown, 
loc. cit.). 

We may deduce immediately from (8) or (9) that the substituent X increases the 
reactivity of A when pj>y,; (7.e., 44>%), or decreases it if the reverse is the case. In 
general, however, the change in reactivity predicted by these equations is very small. For 
example, let us consider the effect of a phenyl substituent in position 1 of anthracene on 


* In conformity with previous usage (e.g., Brown, Trans. Faraday Soc., 1950, 46, 146), energy 
quantities for which the overlap integral between nearest neighbours has been included are represented 
by primed symbols. 
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the reactivity of the 9: 10-positions in a Diels-Alder reaction. The relevant numerical 
data are : 
tr (phenyl) = 0-568; yp; (l-anthryl) = 0-607; yj (phenyl) = 0-568 
uw’, = 0-498; uv’; = 0-532; vt = 0-498 
and we find that : 
L— L,= —0-02,8; L’ — L’p = —00l.y 


This represents a very small decrease in reactivity of the 9 : 10-positions, corresponding to 
a theoretical relative rate constant (Brown, J., 1950, 3249) of about 2. For comparison, 
the difference in localization energies of the 9: 10-positions and the 1 : 4-positions of 
naphthalene [which only undergo Diels—Alder addition under forcing conditions (Kloetzel 
and Herzog, J]. Amer. Chem. Soc., 1950, 72, 1991)] is —0-378 or —0-33y (Brown, J., 1950, 
691). 

The change in reactivity of a pair of positions is, however, much greater if X is actually 
attached to one of them. Then the localization process destroys the conjugation between 
X and A, and Cj thus becomes zero. Consequently, from (4), we deduce that there will 
be an appreciable decrease in reactivity due to the presence of X. For example, consider 
the change in Diels—Alder reactivity of the 9: 10-positions of anthracene arising from a 
phenyl substituent in the 9-position. From (7) we calculate C’; to be —0-15,y, and 
according to (4) this represents L’— L’y. The diminution in the Diels—Alder reactivity 
of the 9 : 10-positions of anthracene by phenyl] substituents in the 9- or 9 : 10-positions has 
been observed experimentally by Bachmann and Kloetzel (J. Amer. Chem. Soc., 1938, 60, 
481) who measured the equilibrium concentration of the adduct of anthracene, 9-phenyl- 
anthracene, and 9 : 10-diphenylanthracene with maleic anhydride in boiling xylene. These 
authors’ measurements on related polycyclic hydrocarbons have been shown (Brown, 
J., 1951, 1612) to be in quantitative agreement with the relevant para-localization energies, 
P’, so the analogous data for the phenylanthracenes should provide a good test of the 
above theory. 

Let us consider first 9-phenylanthracene. If variations in the free energies of reaction 
arise substantially from variations in para-localization energy, as was assumed in previous 
theoretical studies of the equilibria (Brown, Joc. cit.), then the difference between its 9 : 10- 
para-localization energy and that of unsubstituted anthracene may be written, according 
to (4) as follows : 

P—P,=C.,=AG-—-AG, . ...... (10) 


From (10) the “‘experimental’’ value of C’, derived from the observed equilibrium 
concentrations is —0-11,y [as in the previous study of equilibria (loc. cit.) y has been taken 

—33-, kcal.]. 

The discrepancy with the theoretical value of —0-15,y (see above) is greater than could be 
explained by the various experimental and theoretical uncertainties, but it is easy to see 
how it arises. The conjugation-energy equations (6) and (7) tacitly assume that X and A 
are coplanar. A partial rotation about the linking bond would reduce the conjugation 
energy considerably, and could easily reduce the theoretical value to one equivalent to the 
“‘ experimental ”’ value. 

The variarion of C’ with the relative azimuth, %, of X and A may be written 


> > - _— 

Guy (J. Chim. physique, 1949, 46, 469) has made calculations of /() by a variation method. 
His equations are rather cumbersome, but his tabulated values are represented very well 
by the simple function cos*y. The values —0-15,y and —0-11,y for ah (0) and C’(s), when 
inserted into (11), consequently correspond to f(s) = 0-77, i.e., # = 

A similar calculation may be performed for 9: tate etal In this case 
C’(0), obtained by exact calculation from the complete secular determinant, is —0-3144y, 
while the equilibrium concentration found by Bachmann and Kloetzel (loc. cit.) leads to 
C’(xs) = —0-20,y. These values correspond to an azimuthal angle for the two phenyl 
groups relative to the anthracene system of ~ = 22-,°. The agreement between the 
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estimates of mean azimuthal angles for these molecules, in both cases for a temperature of 
about 140° in xylene, is surprisingly good in view of the approximations involved in the 
calculations. We might, for example, expect the assumption of constancy of AS, implicit 
in the assumption A(AG») = AP’, to be less satisfactory when flexible substituents are 
present. It is of interest that Guy, who investigated the sterically rather similar o-methyl- 
diphenyl by a different theoretical method, obtained an energy curve with a minimum 
around 18°. 

In the general case of the change in reactivity produced by substituents, it was shown 
that the direction of the change in reactivity may immediately be predicted from the 
relative magnitudes of 2; and 4. Likewise if we consider the relative effects of a series of 
substituents X in one particular position # of A, their effectiveness in changing the reactivity 
will be in the order of their 2,. Thus from a table of polarizabilities we may predict that 
the following groups have a decreasing order of effectiveness : 


9-anthryl > vinyl > «-naphthyl > @-naphthyl > phenyl > 


and we could of course include many other hydrocarbon substitutents in this list. Again 
this order may be complicated by steric effects of the type discussed for the phenyl- 
anthracenes above. 

(ii) X ts a Single Hetero-atom, contributing 2 x-Electrons.—Substituents such as amino, 
hydroxy, and halogeno are of this type. Conjugation energies of this type of substituent 
with an alternant hydrocarbon have been investigated by Coulson and de Heer (Trans. 
Faraday Soc., 1951, 47, 681). The hetero-atom of the substituent X is to be characterized 
by a coulomb integral ax and a resonance integral fox, and by writing : 


ax —ao=h.B; Pox=k.fPoo=k.8 
these authors derived the relation 
C; = —0-67h2(a;/h)¥/28 ee a 
In this case therefore (4) becomes 
L — Lo = (const.)k*B(ui —w)/Vh  . . «ee (18) 


We may note in passing that the numerical constant 0-67 in (12) was obtained only for 
X = OH, and may be quite different, but necessarily still positive, for other substituents. 
For this reason the numerical constant in (13) has not been given explicitly. 

We see again that the change in reactivity is governed by the relative magnitudes of 
2% and %, so that qualitatively we need make no distinction between the effects of 
substituents of class (i) and class (ii). Again we expect the effect to be small unless X is 
attached to one of the positions undergoing reaction. 

This latter effect is illustrated experimentally by the decreased Diels—Alder reactivity of 
9-bromoanthracene compared with anthracene (Bachmann and Kloetzel, J. Org. Chem., 
1938, 3, 55). Equation (13) also explains the observation (Badger and Lynn, J., 1950, 
1726) that 10-bromobenzanthracene reacts more slowly with osmium tetroxide than does 
the parent hydrocarbon. In this example % is the polarizability magnitude of the 
10-position of benzanthracene (0-514), while for the residual molecule 2j is the polarizability 
magnitude of the 4-position of 2-phenylnaphthalene. The latter is doubtless very similar 
to that of the 4-position in naphthalene itself, 7.e., 0-443, and so certainly less than . 
Hence the relative magnitudes of 4; and 2{ are in agreement with the slightly decreased 
reactivity of the bromo-compound observed experimentally. 

(iii) X is Polyatomic and containing Hetero-atoms.—The most important groups of this 
class are probably carboxy, nitro, cyano, and formyl. The conjugation energies of such 
groups have not been investigated explicitly, but they too doubtless depend upon 4 and 
2 in the same way as for the substituents previously discussed. 

(iv) X is an Alkyl Group.—This type of substituent shows some interesting anomalies 
when the present theory is applied to explain relevant experimental data, particularly for 
the Diels—Alder reaction. It is hoped to consider such substituents in detail in a subsequent 


paper. 
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Now since substituents attached to the most reactive pair of positions appreciably 
reduce its reactivity but have little effect on the reactivities of other pairs, it may be 
possible to obtain addition of a dienophile at a pair of positions in the substituted hydro- 
carbon which cannot be made to undergo addition in the parent hydrocarbon. 

Pentacene (I) provides an example of this. The unsubstituted 

WW) ‘ molecule is most reactive in the 6: 13-positions (Clar, Ber., 1931, 

$4 Si AN Y\ Va “5 2194), but 6: 13-diphenylpentacene undergoes addition at the 

(1 : 13- and 5 : 14-positions in nearly equimolar quantities * (Allen 

a Bell, J. Amer. Chem. Soc., 1942, 64, 1253). This might have 

been expected theoretically because the para-localization energies of the 6: 13- and the 

5 : 14-positions of pentacene itself do not differ very greatly (AP’ = —0-05y; Brown, /., 
1950, 691). 

In anthracene the difference in reactivity of the 9: 10- and 1 : 4-positions is much 
greater (AP’ = —0-27y) than this. Indeed by using the theoretical para-localization 
energies to predict equilibria it is found that under the conditions employed by Bachmann 
and Kloetzel (/occ. cit.) the 1 : 4-positions, reacting alone, would provide only 3%, adduct 
at equilibrium, but the 9: 10-positions alone would produce 98°, of adduct at equilibrium. 
Further, when the two phenyl groups are coplanar with the anthracene system, so that 
their deactivating effect is a maximum, the value of P’ for the 9 : 10-positions of diphenyl- 
anthracene is —2-3888y, virtually the same as for the 1 : 4-positions (t.e., —2-3872y). We 
should expect from this that for all values of % the addition will occur chiefly at the 9 : 10- 
positions. Again we may calculate that in 9: 10-diphenylanthracene the 1 : 4-positions 
acting alone would provide only 0-3°% of adduct under Bachmann and Kloetzel’s conditions 
(assuming coplanarity of the substituents with the anthracene system). Since Bachmann 
and Kloetzel found that diphenylanthracene yielded 16% of adduct, this may be reconciled 
with the theoretical results summarized above only if the addition occurred almost entirely 
at the 9: 10-positions. This also would have been expected from the observations on 
pentacene discussed above. 

Gillet (Compt. rend., 1948, 227, 853; Bull. Soc. chim., 1950, 17, 1141), however, found 
spectrophotometrically that the addition to 9: 10-diphenylanthracene was exclusively at 
the 1:4-positions. This is hard to reconcile with the above results, although an 
examination of the conditions employed to form the adducts suggests a possible explanation. 
Bachmann and Kloetzel and Allen and Bell studied the additions in boiling xylene (i.e., 
about 140°). Gillet reported that for diphenylanthracene the reactants were recovered 
unchanged in boiling xylene (cf. isolation of 16% of adduct under these conditions by 
Bachmann and Kloetzel), and prepared the adduct by fusing diphenylanthracene with 
maleic anhydride at 200°. This suggests that at the higher temperature the phenyl 
substituents vibrate more violently about their linking bonds so that 9: 10-addition is 
prevented by steric hindrance, while at 140° this effect is no longer sufficient to prevent 
addition at these positions. This interpretation of course could easily be tested 
experimentally by repeating Bachmann and Kloetzel’s work and examining the structure of 
their adduct spectrophotometrically, and also it might prove possible to suppress entirely 
addition at the 6 : 13-positions of the sterically similar diphenylpentacene by carrying out 
the reaction at higher temperatures. Clearly a more detailed study of these and other 
phenyl substituted polycyclic compounds is called for. 


The above work was carried out during the tenure of an Australian National University 
Travelling Scholarship. The author is grateful for the opportunity of discussing the manuscript 
with Professor C. A. Coulson, F.R.S. 


WHEATSTONE PHYSICS DEPARTMENT, 
KinG’s COLLEGE, STRAND, Lonpon, W.C.2. [Received, February 11th, 1952.) 





* The adduct at the 5: 14-positions of course undergoes a second addition at the 7 : 12-positions 
since it contains a conjugated system equivalent to 1 : 4-diphenylanthracene. 
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417. Kinetic Salt Effects on the Decomposition of Diacetone 
Alcohol in Solutions of Tetra-alkylammonium Hydroxides. 


By E. S. HALBERSTADT and J. E. PRUE. 


The rate of decomposition of diacetone alcohol has been studied in solutions 
of tetramethyl-, tetraethyl-, tetra-n-propyl-, tetra-n-butyl-, and tetra-n- 
amyl-ammonium hydroxides. The catalytic constants for the hydroxyl ion 
increase with the concentration, the effect being greatest with tetrapropyl- 
ammonium hydroxide. The origin of these effects is discussed. 


THE activity coefficients and conductances of tetra-alkylammonium salts (Ebert and 
Lange, Z. physikal. Chem., 1928, 139, A, 584) are abnormal, and it seemed of interest to 
investigate whether they display correspondingly abnormal kinetic salt effects. Brady and 
Jakobovits (J., 1950, 767) have noted the specific influences of tetra-alkylammonium 
cations on the rate and even the products of some reactions involving the hydroxylion. We 
selected for study the hydroxyl-ion catalysed depolymerisation of diacetone alcohol. Ina 
recent paper (Bell and Prue, /J., 1949, 362) the negative specific kinetic salt effects observed 
for this reaction in solutions of various metallic hydroxides were successfully interpreted in 
terms of the incomplete dissociation of some of the hydroxides. The salt effects observed 
for potassium and rubidium hydroxides were extremely small and these hydroxides may be 
considered as providing a standard of normal behaviour. 


EXPERIMENTAL 

The tetra-alkylammonium hydroxides were prepared from the corresponding iodides by 
shaking them with silver oxide and then filtering the mixtures. Commercial samples of tetra- 
methyl- and tetraethyl-ammonium iodide were purified by repeated crystallisation from water. 
Tetrapropyl-, tetrabutyl-, and tetra-amyl-ammonium iodide were made by refluxing the tertiary 
amine and the alkyl iodide in acetonitrile and precipitating the salts with ether; this seems to 
provide a very satisfactory general method for the preparation of these salts. All hydroxide 
solutions were standardised against constant-boiling hydrochloric acid, and carbon dioxide was 
rigidly excluded. 

The kinetic measurements were made at 24-77°+0-01° in a bath, of which the temperature 
variations during an experiment were not greater than +0-002°. A simple dilatometer similar 


TABLE 1. 
Potassium hydroxide. 
0-075 0-150 0-188 0-226 
4:90 4-83 4-82 4-81 
Tetramethylammonium hydroxide. 
0-080 0-120 0-160 0-200 
5-16 5-29 5-36 5-48 
Tetraethylammonium hydroxide. 
0-109 0-145 0-181 0-218 
5-41 5-59 5-69 5-86 
Tetra-n-propylammonium hydroxide. 
0-111 0-167 0-222 0-277 
5-49 5:77 5-96 6-24 
Tetra-n-butylammonium hydroxide. 
0-130 0-162 0-195 0-259 0-324 
5-52 5-63 5-76 6-02 6-23 
Tetra-n-amylammonium hydroxide. 
0-140 0-168 0-224 0-280 
5-45 5-53 5:77 5°87 
to that described by Halberstadt, Hughes, and Ingold (J., 1950, 2441) was employed. The 
concentration of diacetone alcohol was about 4%. Velocity constants were calculated by 
Guggenheim’s method (Phil. Mag., 1926, 7, 538), and their accuracy is estimated as about 
+0:5%. It may be noted that no reaction was observed in acid solution in the presence of 
tetra-alkylammonium salts. 
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Results—Table 1 gives values of the catalytic constants where & is the first-order velocity 
constant in terms of natural logarithms and minutes and [OH7] is the concentration of hydroxyl 
ion in moles/litre. 


DISCUSSION 


In Fig. 1 the observed catalytic constants k/[OH™~] are plotted against the hydroxyl- 
ion concentration. For clarity only three of the series of results given in Table 1 have 
been plotted. A summary of the results for all the tetra-alkylammonium salts quoted 
in Table 1 may be found in Fig. 2, where slopes of all the lines as in Fig. 1 are shown for 
each alkyl group. 

The catalytic constants converge to a mean value at infinite dilution of 0-496,, within the 
estimated experimental error. The soap-like character of the solutions of the higher tetra- 


Fie. 1. 

Fic. 2. Slope of plots of catalytic constants 
| against hydroxyl-ion concentration for tetra- 
alkylammonium hydroxides. 
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alkylammonium salts gave rise to difficulty in pipette drainage. This may explain the 
slight scatter of the limiting values of the catalytic constants in Fig.1. Taking La Mer and 
Miller’s data for the temperature coefficient at 25° (J. Amer. Chem. Soc., 1935, 57, 2674) we 
calculate the limiting value of our catalytic constant at 25° to be 0-508,. This is between 
0-502, recorded by Bell and Prue (Joc. cit.) and 0-511, reported by La Mer and Miller. 

The increases in catalytic constants observed for increasing concentration of the various 
tetra-alkylammonium hydroxides are surprisingly large, being comparable with the de- 
creases observed for barium and thallium hydroxides due to the incomplete dissociation 
of these hydroxides (Bell and Prue, loc. cit.). The problem being stated in its most general 
form, the expression for the reaction velocity, irrespective of the detailed reaction mechan- 
ism, will contain the concentrations of diacetone alcohol and hydroxy] ion multiplied by an 


TABLE 2. The effect of added salts on the rate constant in 0-273M-potassium hydroxide. 
Addition of a single salt. 
0-150 
1-22 
0-150 
1-37 
Replacement of potassium todide by tetraethylammonium iodide, the total ionic strength being constant. 
(KT) 0-300 0-250 0-200 0-150 0-100 0 
0-050 0-100 0-150 0-200 0-300 
1-20 1-22 1-28 1-32 1-44 


activity coefficient factor fs fon-/fiaon-, where /, is the activity coefficient of the diacetone 
alcohol, fon- that of the hydroxyl ion, and faom- that of the transition state. If fa is 
assumed to be effectively unity in fairly dilute solution, an increase in the catalytic con- 
stant may be ascribed to an increase in the factor fon-/f(aony- due, according to Brénsted’s 
principle of specific interaction of ions (J. Amer. Chem. Soc., 1922, 44, 877), to short-range 
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interaction of the hydroxyl ion and/or the transition state with an oppositely charged 
tetra-alkylammonium ion. Some measurements by Harned and Robinson (J. Amer. Chem. 
Soc., 1928, 50, 3175) show that for sodium hydroxide (0-01m) and tetramethylammonium 
hydroxide (001m) in 0-5m-sodium chloride and above fox-(NMe,°OH)/fon-(NaOH) is 
1-05. The effect is in the right direction but more directly relevant data are required. 
There may also be a specific attraction between the large organic cations and the large 
organic transition state of opposite charge leading to a decrease of fiaom- below the standard 


Fic. 3. 
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value. Bell, Gelles, and Moller (Proc. Roy. Soc., 1949, A, 198, 358) have postulated a similar 
effect to explain the abnormally high catalytic constants of the anions of higher aliphatic 
carboxylic acids in the base-catalysed halogenation of some ketones. 

A specific primary kinetic salt effect of the type encountered here often shows a linear 
dependence on concentration. According to the usual derivation of the form of the ex- 
pression (cf. Bell, ‘‘ Acid-Base Catalysis,’’ Oxford, 1941, p. 34), the linear term arises as the 
first term in the expansion of an exponential function. For the data in Table 1, however, 
a plot of the logarithm of the catalytic constant against [OH™] is curved. 

Table 2 contains results and Fig. 3 plots of some additional data in mixed salt solutions. 
Fig. 3a represents the effect of the addition of potassium iodide and tetraethylammonium 
iodide to 0-273M-potassium hydroxide. In Fig. 30, potassium iodide is being replaced by 
tetraethylammonium iodide in 0-273M-potassium hydroxide, the ionic strength being 
constant. Qualitatively the results agree with our other observations. 

Our thanks are offered to Mr. J. E. Antill and to Mr. P. G. Francis for some preliminary 
measurements. 
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418. An Alkaloid of Dioscorea hispida, Dennstedt. Part I. 
The Lactone Ring. 
By A. R. PINDER. 


Investigations are described bearing on the constitution of the alkaloid 
from Dioscorea hispida, Dennst. Chemical evidence suggests that the alkaloid 
is identical with dioscorine. Degradative and spectroscopic experiments 
indicate that the alkaloid has a six- or higher-membered «f-unsaturated lactone 
ring. A preliminary account of this investigation has appeared elsewhere 
(Pinder, Nature, 1951, 168, 1090). 


THE alkaloid dioscorine was first isolated by Boorsma (Meded. uit’s Lands Plant., 1894, 
XIII) from the tubers of Dioscorea hirsuta, Blume, known in Java as “‘ gadoeng.”’ Later, 
the base was obtained crystalline by Schiitte (Nederl. Tijdschr. Pharm., 1897, 9, 131; 
Chem. Zenir., 1897, 11, 130), who also prepared several crystalline salts. In 1911, Gorter 
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(Ann. Jard. Bot. Buit., Series 2, Supplement 3, p. 385; Rec. Trav. chim., 1911, 30, 161) 
carried out degradative investigations on the alkaloid, and suggested that it was a derivative 
of tropane, with structure (1). 


(fas fe 
NMe ¢H—O H,—O 
“SCO 2 
iy H—-C7 Girt >00 
CMe, CHPh 
(I) (II) 


Some years later, Leyva and Gutierrez (J. Philippine Is. Med. Assoc., 1937, 17, 349) 
isolated from tubers of Dioscorea hispida, Dennst., known in the Philippine Islands as 
“nami,’’ an alkaloid having the same toxicological properties and colour reactions as 
dioscorine. They considered their product to be identical with dioscorine, though the base 
was not obtained crystalline, nor were any derivatives described. 

In this laboratory, the extraction of the alkaloid from D. hispida has been repeated 
by a modified procedure. A comparison of the properties and reactions of this base with 
those reported for dioscorine (Schiitte, loc. cit.; Gorter, loc. cit.) shows that in all probability 
the two substances are identical, although there are, however, some slight discrepancies 
between the melting points (see Table). It is possible that the earlier workers did not 
obtain the alkaloid in a pure condition. 

There is in the botanical literature some confusion in the nomenclature of these two 
Dioscoreae. It is generally considered that D. hirsuta, Blume and D. hispida, Dennst. are 
synonymous, although five varieties of D. hispida are accepted, and it is possible that they 
may differ biochemically [Burkill, Garden’s Bull. Straits Settlements, 1924, 3, (4—6), pp. 
121—244; Prain and Burkill, Ann. Roy. Bot. Garden Calcutta, 1937]. Unfortunately 
it has not so far proved possible to obtain authentic specimens of either dioscorine or D. 
hirsuta, Blume, so that a direct comparison has not been made. 

The base from D. hispida, purified by distillation in vacuo, crystallised readily and formed 
beautifully crystalline salts, all of which gave analytical figures in support of a molecular 
formula C,,;H,,0,N for the base. The base is very soluble in water, to give a strongly 
alkaline solution; with ammoniacal silver nitrate no reduction occurs in five minutes, and 
after 48 hours only a faint precipitate. The presence of a lactone ring is clearly demon- 


Alkaloid from D. hispida, 
Dioscorine, m. p. m. p. (uncorr.) 
43-5° (i) 54— 55° 
Hydrochloride 204 (i) 210—211 (decomp.) 
Hydrobromide 213—214 (ii) 207 
Methiodide 213 (ii) 207 (decomp.) 
Picrate 183—184 (i) 187 (decomp.) 
(i) Schitte, loc. cit. (ii) Gorter, loc. cit. 


strated by the behaviour of the base towards alkali (see Experimental section). Two 
colour reactions described for dioscorine, viz., with alkaline sodium nitroprusside and 
with potassium iodate and sulphuric acid, are shown by the base. 

A Herzig—Meyer determination reveals the presence of one NMe group, and the ease 
with which the base forms a methiodide with one molecular proportion of methyl iodide 
suggests that it is tertiary. A Kuhn—R6th oxidation shows the presence of one CMe. 

The base reacts immediately with cold potassium permanganate solution. Oxidation 
of a hot, acid solution of the base by Reynolds and Robinson’s procedure (/J., 1934, 594) 
gives formaldehyde only, in good yield. From this it may be inferred that either the 
base contains a side-chain methylene (~CH,) group, or, more probably, that the NMe 
group is oxidised, providing formaldehyde and the demethyl compound, as in the per- 
manganate oxidation of tropine to nortropine (Merling, Annalen, 1883, 216, 340; Will- 
statter, Ber., 1896, 29,1579. The latter explanation was verified by ozonolysis: treatment of 
an acetic acid solution of the alkaloid with ozone for two hours gave no volatile product, 
but after six hours a small yield of formaldehyde was obtained, again as the sole product, 
in all probability by formation and decomposition of the amine oxide (cf. Polonovski and 
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Polonovski, Bull. Soc. chim., 1927, 41, 1190; Bailey and Robinson, J., 1948, 704). That 
the presence of an unsaturated linkage in a side-chain would have been shown by the ready 
formation of a volatile aldehyde or ketone on ozonolysis was confirmed by the behaviour 
of «-benzylidene-y-butyrolactone (II) and «-benzylidene-8-valerolactone (III): both 
compounds gave benzaldehyde readily on oxidation or ozonolysis. Attempts to prepare 
the corresponding isopropylidene compounds, as more suitable models, have so far 
failed. 

Hydrogenation of the alkaloid with platinum oxide in ethanol gave a liquid dihydro- 
base, stable to cold aqueous permanganate for several minutes; its behaviour towards 
alkali indicated that a lactone ring was still present. It formed a series of beautifully 
crystalline salts, analysis of which supported the molecular formula C,,H,,O,.N for the 
dihydro-base. 

The ultra-violet absorption curve for the alkaloid shows a single maximum at 2170 A 
(€molar = 16,160), suggesting the presence of an ethylenic bond conjugated with the carbonyl 
group of a carboxylic acid, ester, or lactone (cf. Braude, Ann. Reports, 1945, 42, 113). 
The curve for 3-hexenolactone is very similar, with a maximum at 2140 A (emotar = 6700). 
The dihydro-alkaloid shows no absorption at wave-lengths greater than 2140 A, which is 
consistent with the saturation of the double bond during catalytic reduction of the alkaloid; 
8-hexanolactone also shows no absorption in this region. 

The infra-red absorption spectra of the alkaloid, the dihydro-alkaloid, and severa 
model substances have been measured (solids as a paste with ‘‘ Nujol’”’ ; liquids as films). 
The results are summarised in the Table. The relatively low-frequency band of 1712 cm.+ 


Carbony] stretching vibration frequency (cm.*) 

Alkaloid 

Dihydro-alkaloid 

a-Benzylidene-y-butyrolactone (11) 

a-Benzylidene-8-valerolatone (III) 

§-Hexenolactone 

$-Hexanolactone 

y-Butyrolactone 


shown by the alkaloid, compared with the value of 1742 cm. for a-benzylidene-y-butyro- 
lactone and of 1750 cm.! for an «$-unsaturated five-membered lactone ring (Grove and 
Willis, J., 1951, 877), suggests that the lactone ring in the alkaloid is not five-membered, 
but six- or higher-membered. This view is strengthened by the existence of a band at 
1712 cm." in the spectrum of «-benzylidene-8-valerolactone, although chemical evidence 
rules out the possibility of there being an exocyclic double bond in the alkaloid. The 
infra-red spectra of «$-unsaturated lactones have not been extensively investigated, so 
models for comparison are few. 8-Hexenolactone has a band at 1725 cm."!, rather higher 
than for the alkaloid; this may be due to the alkaloid’s containing a seven-membered 
lactone ring. The dihydro-alkaloid has a band at 1730 cm.~1, almost the same as the band 
for 8-hexanolactone (1733 cm.1). These values are slightly different from the frequency of 
1740 cm.1, characteristic of six- or higher-membered saturated lactones or saturated 
esters (Grove and Willis, loc. cit.; Rasmussen and Brattain, J. Amer. Chem. Soc., 1949, 
71, 1073); the difference may perhaps be accounted for by the presence of substituents 
in the lactone ring. Whatever the explanation, the band for the dihydro-base is nearer 
to that of 38-hexanolactone than to that of y-butyrolactone (1770 cm.~4), which suggests 
that the lactone ring in the alkaloid is six- or higher-membered. Owing to the absence of 
strain in six- or higher-membered saturated lactone rings, it is not possible to distinguish 
between, say, a six- and a seven-membered ring by a comparison of carbonyl stretching 
frequencies. 

In addition to the carbonyl band, the alkaloid shows a small band at 851 cm.~!, which is 
absent from the spectrum of the dihydro-alkaloid. This suggests the presence in the alkaloid 
of the grouping CRR’7;CHR” (Thompson and Torkington, Proc. Roy. Soc., 1945, A, 184, 
3; Thompson, J., 1948, 328), so that a system CHR‘CR"CO-O-C< or CRR":CH*CO-0-C— 
is present. 

The investigations are being continued. 
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EXPERIMENTAL 
M. p.s and b. p.s are uncorrected. 


Extraction of the Alkaloid.—Fresh tubers of D. hispida, Dennst. (300 g.), were freed from 
roots and pulped in the presence of ethanol (285 c.c.) and acetic acid (l5c.c.). After being kept 
three days with occasional stirring, the combined mash from ten such operations was filtered, 
the residue being washed thoroughly with ethanol. The combined filtrate and washings 
were evaporated on the water-bath under reduced pressure, foaming being countered by frequent 
additions of n-octyl alcohol. The residual dark-brown syrup was taken up in water (400 c.c.), 
and the solution filtered and basified with an excess of sodium carbonate. The clear, brown 
solution was extracted with chloroform (6 x 100 c.c.), a separation being effected with the 
aid of a centrifuge. The combined extracts were dried (Na,SO,) and evaporated, the 
residual dark syrup being distilled in vacuo. The alkaloid was obtained as a pale yellow syrup, 
distilling at 135—150° (bath) /0-04 mm. It was purified by two further distillations at 140— 
145° (bath) /0-04 mm. (2—3 g.) and then gradually crystallised. It separated from a small 
volume of ether in colourless, elongated prisms, m. p. 54—55°, [«]}§ —35-0° (c, 3-4 in chloro- 
form) (Found: C, 70-6, 70-6; H, 8-5, 8-6; N, 6-2, 6-3; CMe, 6-2; NMe, 6-5. Calc. for C,,H,,0,N : 
C, 70-6; H, 8-6; N, 63; 1CMe, 6-8; INMe, 6°8%) (cf. Gorter, loc. cit.; Leyva and Gutierrez, 
loc. cit.). 

The alkaloid gave a reddish-violet colour with alkaline sodium nitroprusside solution, 
and a violet colour with potassium iodate and sulphuric acid. When an aqueous solution of 
the alkaloid was basified in the cold with excess of potassium hydroxide, and extracted with 
chloroform, the alkaloid was recovered. If, however, the basified solution was heated for an 
hour on the water-bath, or kept for 24 hours, chloroform extraction gave no alkaloid. Further, 
if the basified solution was acidified and heated for a while, then cooled and re-basified with 
an excess of sodium carbonate and extracted with chloroform, the alkaloid was regenerated. 

The hydrochloride separated from alcohol-ether in nodules, m. p. 210—211° (decomp.) 
(Found: C, 60-5; H, 7-9; Cl, 13-7. Calc. for CysH»O,NCl: C, 60-6; H, 7-8; Cl, 13-8%). 
The hydrobromide crystallised from a large volume of acetone in small, hard prisms, m. p. 207° 
(Found: C, 51-6; H, 6-6; Br, 26-4. Calc. for C,,H,O,NBr: C, 51-65; H, 6-6; Br, 26-5%). 
The picrate crystallised from acetone in glistening, yellow prisms, m. p. 187° (decomp.) (Found : 
C, 50:9; H, 4-9; N, 12-5. Calc. for C,,H,,O,N,: C, 50-7; H,4-9; N, 12.4%). The methiodide 
separated from ethanol in hard prisms, m. p. 207° (decomp.) (Found: C, 46-4; H, 6-4; I, 
34-8. Calc. for C,sH,,O,NI: C, 46-3; H, 6-1; I, 35-0%). 

Permanganate Oxidation of the Alkaloid.—A solution of the alkaloid (0-1 g.) in 5% sulphuric 
acid (50 c.c.) was gently boiled in a flask fitted with a dropping funnel and an efficient downward 
condenser. Potassium permanganate solution (80 c.c. of 1:5%) was added dropwise to the 
boiling solution during 5 minutes, with simultaneous gentle distillation. A further quantity 
(80 c.c.) of the permanganate solution was added as before, a total of about 90 c.c. of distillate 
being collected. The distillate, in 2nN-sulphuric acid, gave, during several hours, formaldehyde 
2: 4-dinitrophenylhydrazone as orange-yellow needles (from ethanol), m. p. and mixed m. p. 
163°. M. p. 135—140° was observed on admixture with acetaldehyde 2: 4-dinitrophenyl- 
hydrazone (m. p. 162—163°) and 110—115° with acetone 2: 4-dinitrophenylhydrazone (m. p. 
126°). 

Ozonolysis.—A solution of the alkaloid (1-0 g.) in glacial acetic acid (15 c.c.) was ozonised 
for 2 hours at 15°, the exhaust gases being passed through a series of cooled water-traps. The 
solution was diluted with water (100 c.c.) and distilled, about 70—80 c.c. being collected. 
Treatment of the distillate with 2: 4-dinitrophenylhydrazine solution gave a faint turbidity, 
but no precipitate. The aqueous solutions from the traps also gave no precipitate when treated 
with the reagent. Basification of the cooled, residual acetic acid solution with sodium carbonate, 
followed by chloroform extraction, gave unchanged alkaloid (0-9 g.) which, purified by 
distillation and crystallisation, had m. p. and mixed m. p. 54°. 

When the ozonolysis was conducted for 6 hours under these experimental conditions, a 
small yield of formaldehyde 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 163°, was 
obtained. 

Hydrogenation.—A solution of the alkaloid (0-5 g.) in ethanol (10 c.c.) was shaken with 
Adams’s catalyst in hydrogen at room temperature and pressure. After 64 hours, absorption 
ceased (1 mol.). The solution was filtered and evaporated, and the residual oil distilled in 
vacuo. The dihydro-compound distilled at 135—140° (bath) /0-06 mm. (0-5 g.) (Found: C, 
69-8; H, 9-55; N, 6-2. C,,;H,,O,N requires C, 70-0; H, 9-4; N, 63%). It wasa clear, colour- 
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less syrup, very soluble in water to a strongly alkaline solution. It behaved towards alkalis 
as did the parent alkaloid, indicating that a lactone ring was still present. The picrate separated 
from ethanol in yellow prisms, m. p. 164—165° (Found: C, 50-3; H, 5-5. Cy ,gH,,O,N, requires 
C, 50-4; H, 53%). The methiodide crystallised from ethanol in clusters of hard prisms, m. p. 
229—230° with previous darkening (Found: C, 45-8; H, 6-5; I, 34:6. C,,H,,O,NI requires 
C, 46-0; H, 6-6; I, 34-8%). 

a-Benzylidene-y-butyrolactone (II).—To a suspension of alcohol-free sodium ethoxide (from 
2-3 g. of sodium) in absolute ether (50 c.c.) was added y-butyrolactone (8-6 g.) in ether (20 c.c.), 
with shaking, followed by a solution of benzaldehyde (10-6 g.) in ether (20 c.c.). The mixture 
was kept for 1 hour with occasional shaking. Water (12-5 c.c.) was added, followed by dilute 
sulphuric acid (50 c.c.). The organic layer was separated, washed with saturated sodium 
hydrogen sulphite solution and water, dried, and evaporated. Distillation of the ether gave 
a-benzylidene-y-butyrolactone (3-0 g.), which distilled at 155—160° (bath) /0-1 mm., crystallised 
readily, and separated from light petroleum (b. p. 60—80°) in pale cream elongated prisms, 
m. p. 116—117° (Found: C, 75-8; H, 6-0. C,,H,,O, requires C, 75-9; H, 5-75%) (cf. Losan- 
itsch, Sitzungb. Akad. Wiss. Wien, 1914, 128, 13). Oxidation of the lactone with acid per- 
manganate or ozonolysis gave benzaldehyde in high yield. The lactone had Ama,, 2800 A 
(Emolar = 28,200). 

a-Benzylidene-8-valerolactone (III).—A similar experiment with 8-valerolactone (5-0 g.; 
prepared by the perbenzoic acid oxidation of cyclopentanone, Friess, J. Amer. Chem. Soc., 1949, 
71, 1571), sodium ethoxide (from 1-2 g. of sodium), and benzaldehyde (5-3 g.) gave a-benzylidene- 
8-valerolacione (3-5 g.), b. p. 150—155° (bath) /0-02 mm., which separated from light petroleum 
(b. p. 60—80°) in glistening plates, m. p. 58° (Found: C. 76-3; H, 6-4. C,,H4,O, requires C, 
76-6; H, 64%), and had Amax, 2800 A (Cmolar 13,800). Oxidation with acid permanganate or 
ozonolysis gave benzaldehyde in high yield. 

$-Hexenolactone.—This unsaturated lactone, b. p. 98°/10 mm., was prepared from sorbic 
acid as described by Kuhn and Jerchel (Ber., 1943, 76, 413). It did not reduce ammoniacal 
silver nitrate in 5 minutes (cf. Kuehl, Linstead, and Orkin, J., 1950, 2214), and was oxidised 
immediately in the cold by aqueous permanganate. 

8-Hexanolactone.—Catalytic hydrogenation of 9-hexenolactone gave 6-hexanolactone 
(Kuhn and Jerchel, loc. cit.), b. p. 100—101°/10 mm., stable to cold, aqueous permanganate. 
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419. Properties and Reactions of Free Alkyl Radicals in Solution. 
Part III.* Some Reactions with Organic Halogen Compounds. 


By M. C. Forp and WILLIAM A. WATERS. 


Tertiary aliphatic radicals RR’C(X)* (R and R’ = Alkyl; X =CN or 
CO,Me) abstract halogen atoms from the “ positive ’’ halogen compounds 
ethyl «-bromomalonate and www-tribromoquinaldine and react with allyl 
bromide and iodide. No reaction occurs with simple halides such as n-butyl 
bromide, isopropyl iodide, benzyl iodide, or iodobenzene. These radicals 
readily abstract bromine from N-bromosuccinimide and are good catalysts 
for homolytic brominations effected by this reagent. Even cyclohexane can 
be brominated under these conditions. 


In continuation of Part Il * we have now investigated further reactions of the tertiary 
aliphatic radicals which can be derived from the tertiary aliphatic azo-compounds 


* Part II, J., 1951, 1851. 
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RR’C(X)*-N°N-C(X)RR’ (R and R’ = Alkyl; X = CN or CO,Me) by thermal decomposition 
in solution. 
CH, + HaFZ—»> CH,-Hal+Z . ..... (2) 


The occurrence of the metathetic reaction (1) has been demonstrated by Kharasch and 
his colleagues (Science, 1945, 102, 128; J. Amer. Chem. Soc., 1941, 63, 526; 1946, 68, 154; 
1947, 69, 1100, 1105; J. Org. Chem., 1948, 13, 895) who have shown that the thermal 
decomposition of diacyl peroxides yields alkyl radicals which are capable of reacting with 
carbon tetrachloride to give alkyl chlorides and hexachloroethane, e.g. : 


(CH,-CO,), —> 2CH,°CO,*; CH,*CO,* —> CH, + CO, 
CH, + CCl, —> CH,Cl + -CCl,; 2*CCl; —> C,Cl, 


Similar halogen-transfer reactions have been effected between methyl radicals and carbon 
tetrabromide, bromoform, dibromodichloromethane, bromotrichloromethane, bromo- 
dichloromethane, and methyl bromoacetate, though with chloroform and methyl dichloro- 
acetate (Kharasch, Urry, and Jensen, J. Amer. Chem. Soc., 1945, 67, 1626) hydrogen 
transfer occurred instead. The formation of free radicals such as *CCl, and «CH,*CO,Me 
by these reactions has been established by demonstrating that they could be added on to 
olefins, ¢.g. : 


CgH,sCH:CH, + -CH,*CO,Me —> C,H,5°CH-CH,*CH,*CO,Me 
CgH,,°CH-CH,°CH,°CO,Me + BrCH,-CO,Me —> 
CgH,s°CHBr-CH,*CH,-CO,Me + “CH,-CO,Me 


Individual free alkyl radicals however may differ greatly in their chemical reactivity 
according to the natures of their substituent groups and, as the previous papers in this 
series have shown, the tertiary aliphatic radicals which we have examined are much less 
reactive than is free methyl. Although Ziegler (Brennstoffchemie, 1949, 30, 182; Chem. 
Abs., 1950, 44, 2914) has reported that the radicals (I; R= R’ = Me; X = CN) can 
initiate addition of carbon tetrachloride to styrene, the extent of chlorine abstraction from 
this substance is so slight as to be virtually undetectable except in the presence of an olefin ; 


indeed carbon tetrachloride has been used as a convenient solvent in the present study 
(cf. Part II). 


RR’C(X): + Hal-Z —> RR’C(X)"Hal+ Z . . . . . (2) 
(1) (11) 


With C-halogen compounds the reaction (2) would be expected to occur to a reasonable 
extent only if it is exothermic, and, since it involves the breaking of one carbon—halogen 
bond and the formation of another, this halogen exchange would be favoured only if (a) 
the C—Hal bond in the halogen compound is less stable then that in (II) or (b) the radical Z- 
is more stable than the radical (I). Now since the radicals (I) which we have examined 
must be resonance-stabilised to a considerable extent on account of the group X (C=N or 
Jp? 
Noe 
be expected to occur with simple alkyl or aryl halides since the radicals Z* which might be 
formed (e.g., methyl, phenyl) are highly reactive. In fact there is no detectable reaction 
between our tertiary aliphatic radicals and n-butyl bromide, isopropyl iodide, benzyl 
iodide, or iodobenzene. 

For reasons which have been previously discussed by one of us (Waters, J., 1933, 1551; 
1942, 153) the so-called “ positive ’’ halogen compounds ethyl «-bromomalonate and awe- 
tribromoquinaldine, which have been shown to be active catalysts for the autoxidation of 
tetralin (Robertson and Waters, J., 1947, 492), are much more prone to undergo homolytic 
fission of their C-Br bonds. Again, Brown and Hammick (J., 1950, 628) and Brown, 
Grice, Hammick, and Thewlis (J., 1951, 1149) have found that www-tribromoquinaldine 


C 


) directly attached to the tervalent carbon centre, no reaction of this type would 
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could be used to brominate tetralin, m-xylene, mesitylene, and cyclohexene. With these 
two halogen compounds it has now been possible to establish the direct occurrence of 
reaction (2). In our experimental work, the particular azo-compound chosen for each 
reaction was selected with the object of achieving (i) a controllable liquid-phase reaction 
without the necessity of recourse to an inert solvent and (ii) easy fractionation of the 
reaction products. 

Ethyl «-bromomalonate reacts with 2-carbomethoxy-2-propy] radicals (I; R = R’ = 
Me; X = CO,Me) to give a 7% yield of methyl «-bromoisobutyrate (II; R = R’ = Me; 
X = CO,Me; Hal = Br), and wwea-tribromoquinaldine reacts violently with 1-cyano-l- 
methyl-n-propyl radicals (I; R = Me; R’ = Et; X = CN) to give a 32% yield of (+)-a- 
bromo-«-methylbutyronitrile (II; R= Me; R’=Et; X=CN; Hal=Br). From 
the latter reaction ww-dibromoquinaldine was also isolated in 15% yield, so that the 
(CgH,N)-CBr,° radical must evidently dehydrogenate available substances in the reacting 
system in preference to dimerising to (CgjH,N)*CBr,°CBr,*(CgH,N). 

Allyl iodide reacts with 2-cyano-2-propyl radicals (I; R= R’ = Me; X = CN) to 
give an 8% yield of «-iodoisobutyronitrile (II; R= R’=Me; X=CN; Hal=TI) 
together with a little iodine, but not diallyl. In this case the simple reaction 


RR’C(X): + I-CH,-CH:CH, —> RR’C(X)*I + -CH,°CH:CH, 


would be favoured on account of the high degree of resonance stabilisation of the sym- 
metrical allyl free radical ((CH,*CH°CH,). However, Kharasch and Biichi (J. Org. Chem., 
1949, 14, 84) have shown that the decomposition of acetyl peroxide in allyl bromide gives 
a complex mixture containing both but-l-ene and 5-bromo-4-bromomethylpent-l-ene and 
much polymeric materials, but little methyl bromide and no diallyl. They therefore 


suggested that the methyl radical preferentially attacks the terminal methylene group of 
allyl bromide : 


CH,: + CH,*CH-CH,Br —> CH,‘CH,*CH:CH,Br 
CH,°CH,-CH-CH,Br —> CH,‘CH,*CH:CH, + Br-, etc. 


The slight liberation of iodine in our reaction accords with this type of mechanism, since, 
as was shown in Part II, though iodine does combine with the radicals RR’C(X): its complete 
removal requires a large excess of radicals. With allyl bromide there was again evidence of 
attack, but the characterisation of the reaction products was not successfully accomplished. 

Some years ago it was tentatively suggested by one of us that the characteristic reactivity 
of the N-halogen compounds might be due to the ease with which they underwent homolysis 
(see Waters, J., 1937, 2010; 1942, 156; Nature, 1944, 154, 772) and this theory is especially 
relevant to the characteristic reactivity of N-bromosuccinimide which, as Bloomfield first 
postulated (J., 1944, 118), acts as a brominating agent by way of a radical-chain reaction 
(for confirmation of mechanism, see Bateman and Cunneen, J., 1950, 943) especially when 
catalysed with benzoyl peroxide (Schmid and Karrer, Helv. Chim. Acta, 1946, 29, 573). 
However, the actual occurrence of the chain-starting reaction 


C,H,* + BrN(C,H,O,) —> C,H,Br + ‘N(C,H,0,), 


has not yet been substantiated conclusively by the isolation of bromobenzene from the 
direct reaction between N-bromosuccinimide and benzoyl peroxide in an inert solvent. 

We have now found that 1l-cyano-l-methyl-u-propyl radicals react vigorously with 
N-bromosuccinimide in carbon tetrachloride suspension giving (-+)-«-bromo-«-methyl- 
butyronitrile in 39°% yield, together with succinimide in 20% yield. Unless careful pre- 
cautions are taken to moderate the violence of this reaction it may become dangerously 
explosive. Disuccinoylhydrazine, (CsH,O,)N-N(C,H,O,), did not appear to be formed, 
showing that the free succinimidyl radical, (C,H,O,)N*, must be a very strong dehydro- 
genating agent. This accords with the view that in the allylic bromination reactions of 
N-bromosuccinimide it is this free nitrogen radical which is the effective hydrogen abstractor, 
and not atomic bromine. 
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As catalysts for homolytic brominations by N-bromosuccinimide the tertiary aliphatic 
azo-compounds appear to be very effective, since with one mole % of catalyst toluene gave 
benzyl] bromide in 66% yield, together with about 10% of benzylidene dibromide. As was 
expected, this side-chain substitution could be inhibited by small amounts of iodine or 
chloranil. cycloHexene gave a 75% yield of 3-bromocyclohexene whilst even cyclohexane 
gave a 48% yield of cyclohexyl bromide. In the absence of the azo-catalyst both toluene 
and cyclohexane could be refluxed with N-bromosuccinimide without the occurrence of any 
bromination. 

The bromination of cyclohexane with N-bromosuccinimide, which has not been hitherto 
reported, demonstrates the great value of the azo-compounds as halogenation catalysts 
(compare Part II). 


EXPERIMENTAL 


Reaction with Allyl Iodide.—The iodide (b. p. 31—32°/53 mm.), purified by distillation under 
nitrogen, contained less than 4:5 x 10“ g.-atom of iodine/mole. a«’-Azoisobutyronitrile (20-5 
g., 0-125 mole) and allyl iodide (36-4 g., 0-4 mole) were gently warmed together in the dark under 
nitrogen. Solution of the azo-nitrile was complete before evolution of nitrogen commenced. 
The gassing lasted for 20 minutes, after which the mixture, which had rapidly darkened during 
the decomposition, was refluxed for a further 20 minutes. To the cooled mixture, light petroleum 
(b. p. 40—60°; 40 ml.) was added and the mixture was left overnight at 0°. The liquid portion, 
after decantation from tetramethylsuccinonitrile and tar, was distilled. The portion boiling 
above 40°/10 mm. was shaken with 0-1N-sodium thiosulphate, then water, dried, and refrac- 
tionated, giving «-iodoisobutyronitrile (4-0 g., 8% calc. on the azo-nitrile ; b. p. 47—57°/10—12 
mm.) which was identified by conversion into «-iodoisobutyramide, m. p. and mixed m. p. 
181—182°. 

Further similar decompositions were tested as follows. (i) Chloroform was added to the 
initial reaction product to serve as a carrier for diallyl (b. p. 60°); the fraction boiling between 
58° and 64° did not decolourise a dilute solution of bromine in chloroform. (ii) The reaction 
product was diluted to a measured volume with toluene, and aliquots were then titrated with 
0-01N-sodium thiosulphate. The titres indicated the formation of not less than 2 x 10° 
g.-atom of iodine per mole of allyl iodide, corresponding to a yield of 3% calc. on the azo-nitrile. 
Allyl iodide heated under the same conditions but without the addition of the azo-nitrile 
developed less than 4 x 10~ g.-atom/mole. 

Reaction with Allyl Bromide.—A solution of dimethyl «x’-azoisobutyrate (10-0 g., 0-0435 mole) 
in allyl bromide (b. p. 71°; 15 ml.) was gently refluxed under nitrogen for 45 minutes. The 
excess of the bromide was then removed at atmospheric pressure and the residual brown oil 
was distilled through a short column under diminished pressure. Three fractions were col- 
lected : (i) b. p. 47—53°/15—20 mm. (2-0 g.; nf 1-4417; Br, 30-4%), (ii) b. p. 983—94°/13 mm. 
(0-9 g.; n?° 1-4474; Br, 26-0%), and (iii) b. p. 104—124°/13 mm. (1-6 g.). Fractions (i) and 
(ii) immediately decolourised neutral 0-01°% potassium permanganate solution; (i) consisted 
mainly of methyl «-bromoisobutyrate [b. p. 38°/9 mm.; nif 1-4531; Br, 44:2% (cf. Part II)] 
but attempts to prepare a-bromoisobutyramide from it were unsuccessful; (ii) possibly contained 
some methyl (+)-«$-dibromoisobutyrate (b. p. 80°/9 mm.; njj 1-5092; Br, 61-5%), whilst 
(iii) consisted of methyl tetramethylsuccinate which was identified by hydrolysis to the corre- 
sponding acid, m. p. and mixed m. p. 192—193°. 

Decomposition of a«’-azoisobutyronitrile was similarly carried out in (a) boiling n-butyl 
bromide, (b) boiling isopropyl iodide, (c) iodobenzene at 100°, and (d) a boiling solution of benzyl 
iodide in toluene, but in no case could any attack upon the halogen compound be detected. 

Reaction with Ethyl «-Bromomalonate.—Liquid dimethyl ««’-azoisobutyrate (11-5 g., 0-05 
mole) at 30° was added dropwise to ethyl a-bromomalonate (11-9 g., 0-05 mole) kept at 150° in 
an oil-bath. The product was kept at this temperature for 30 minutes and then, after the 
addition of carbon tetrachloride (5 ml.), refluxed for a further 30 minutes. The resulting pale 
brown liquid was directly distilled, two fractions being collected : (i) b. p. 40—100°/7 mm. and 
(ii) b. p. 100—160°/7 mm. Fractionation of (i) gave methyl «-bromoisobutyrate (0-6 g., 7% 
calc. on the bromomalonic ester), b. p. 67—73°/37 mm., characterised by conversion into «- 
bromoisobutyramide, m. p. and mixed m. p. 147°, and a higher-boiling fraction (0-8 g.; b. p. 
175—199°) which may have contained ethyl malonate, though its identification by conversion 
into malonamide was not successful. Fraction (ii) consisted principally of unchanged bromo- 
malonic ester together with dimethyl tetramethylsuccinate. 
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When the reaction was carried out at the temperature of boiling carbon tetrachloride no 
abstraction of bromine from the bromomalonic ester occurred. At the higher temperature used 
above, the gradual addition of the azo-ester was essential since an explosive decomposition 
occurred when a solution of a«’-azoisobutyronitrile in bromomalonic ester was heated on the 
steam-bath. 

Reaction with www-Tribromoquinaldine.—An intimate mixture of «a’-azo-(a-methylbutyro- 
nitrile) (9-4 g., 0-049 mole) and www-tribromoquinaldine (10-4 g., 0-027 mole) (Hammick, /J., 
1923, 123, 2883) was gently heated over a gauze. A steady evolution of nitrogen occurred, with 
the formation of a brown solution, but unless the reaction mixture was cooled at this point a 
violent and uncontrollable decomposition set in, producing an intractable tar. From a suitably 
controlled decomposition, however, there was obtained a dark oil. To this was added carbon 
tetrachloride (10 ml.), and the whole mixture was then refluxed gently for 15 minutes to complete 
the decomposition of the azo-nitrile. The solvent was then removed from the greenish-brown 
solution, light petroleum was added to the residue, and the mixture was left overnight at 0°. 
The petroleum extract was decanted and fractionated, giving (i) b. p. 43—45°/18 mm. (0-3 g.) 
and (ii) b. p. 57—60°/18 mm. (1-4 g.); (i) consisted principally of (-+)-«-methylbutyronitrile 
whilst (ii) was (+)-«-bromo-«-methylbutyronitrile (32%, calc. on tribromoquinaldine) which 
was identified by conversion into (-+)-«-bromo-«-methylbutyramide, m. p. and mixed m. p. 
45-5—48°. 

The residue from the distillation was combined with the tarry residue from the initial light 
petroleum treatment, and the whole was distilled in steam. The first 750 ml. of distillate, after 
ether-extraction, yielded s-diethyldimethylsuccinonitrile (3-2 g., 40% calc. on the azo-nitrile), 
m. p. and mixed m. p. 97—101°. The steam-distillation was continued until no further solid 
passed over. From this second distillate there was isolated ww-dibromoquinaldine (1-2 g., 15% 
calc. on tribromoquinaldine), which after crystallisation from light petroleum (b. p. 80—100°) 
had m. p. 119—120°, undepressed in admixture with an authentic specimen (Hammick, J., 1926, 
1302). 

Reaction with N-Bromosuccinimide.—N-Bromosuccinimide (Ziegler, Spath, Schaaf, Schu- 
mann, and Winkelmann, Amnalen, 1942, 551, 109) was rapidly recrystallised from hot water 
(Djerassi, Chem. Reviews, 1948, 48, 293) and dried in a vacuum; its purity (iodometric) was 
98-5%. 

An intimate mixture of ««’-azo-(«-methylbutyronitrile) (15-4 g., 0-08 mole) and the bromo- 
imide (14-5 g., 0-08 mole) was covered with dry carbon tetrachloride (5 ml.), and the partial 
solution was gently heated, with constant swirling, over a gauze. Nitrogen evolution soon 
commenced, and a clear light-brown solution was slowly formed. The temperature of the 
liquid was ca. 110°. After 20 minutes the gassing began to slacken and the liquid became 
darker, but if a further quantity of carbon tetrachloride (10 ml.) was added to reduce the 
temperature of the boiling liquid, and the refluxing was continued for a further 20 minutes to 
complete the decomposition of the azo-nitrile, then tractable products were obtained. On 
cooling of the mixture to 0°, first a tar, and then nearly pure succinimide were deposited. Titra- 
tion showed that 98% of the bromo-imide had reacted. The carbon tetrachloride solution, after 
filtration at 0°, gave on fractionation (+)-«-bromo-a-methylbutyronitrile (4-9 g., 39% calc. on 
the bromo-imide consumed), b. p. 58—59°/15 mm. (amide, m. p. and mixed m. p. 46-5—48°). 
The residue from the distillation was combined with the solid from the initial reaction product 
and steam-distilled to remove s-diethyldimethylsuccinonitrile (2-7 g., 41% calc. on the azo- 
nitrile). The hot aqueous solution remaining in the flask was decanted, the tarry residue was 
repeatedly extracted with warm water, and the combined extracts were evaporated to dryness 
under diminished pressure. The resulting gum was crystallised from alcohol and, after removal 
of a little insoluble ammonium bromide, afforded succinimide (1-7 g., 20% calc. on the bromo- 
imide consumed; m. p. and mixed m. p. 124—125°). 

The decomposition in the presence of N-bromosuccinimide of a dilute solution of a«’-azotso- 
butyronitrile in carbon tetrachloride was also investigated but, owing to the lower temperature 
of the reaction mixture, no bromo-nitrile was formed. 

Catalysed Brominations with N-Bromosuccinimide.—Toluene. The bromo-imide (10-8 g., 
0-06 mole) was suspended in a solution of dimethyl ««’-azoisobutyrate (0-135 g., 0-0006 mole) 
in toluene (8-5 ml., 0-08 mole) and carbon tetrachloride (20 ml.), and the whole was gently warmed 
ona gauze. After a short while a vigorous reaction set in; this was moderated by immersing the 
flask in ice-water, and the mixture was then refluxed for 30 minutes. After cooling, the pre- 
cipitated succinimide (5-5 g., 90% calc. on the bromo-imide), m. p. and mixed m. p. 125°, was 
filtered off and washed with carbon tetrachloride. The filtrate and washings were combined 





[1952} Free Alkyl Radicals in Solution. Part III. 2245 


and distilled through a short column. Two fractions were obtained : (i) b. p. 89-5—91°/16 mm. 
(6-8 g.) and (ii) b. p. 100—115°/20 mm. (1-2 g.). The first fraction consisted of benzyl bromide 
(b. p. 197—198-5°/758 mm., 66% calc. on the bromo-imide) ; its identity was confirmed by con- 
version into benzyl B-naphthyl ether, m. p. and mixed m. p. 99—100°. Fraction (ii) consisted 
chiefly of benzylidene dibromide, for on hydrolysis with boiling dilute hydrochloric acid there 
was obtained benzaldehyde, identified by its 2 : 4-dinitrophenylhydrazone, m. p. and mixed 
m. p. 237—238°. The residue from the distillation was a black tar. 
The experiment was repeated in the presence of inhibitors : 


Inhibitor Yield of benzyl bromide, % 
Iodine, 0-0006 mole 36 
Chloranil, 0-:0012 mole 10 


cycloHexene. A mixture of cyclohexene (30-3 ml., 0-3 mole), N-bromosuccinimide (10-8 g., 
0-06 mole) and dimethyl aa’-azoisobutyrate (0-12 g., 0-:0005 mole) was gently warmed on a 
gauze. After a short while a violent reaction set in; this was moderated by immediately im- 
mersing the flask in ice-water. The mixture, which had remained colourless, was finally 
refluxed for 10 minutes and then was shown to contain no unchanged bromo-imide. After 
cooling, the precipitated succinimide (5-7 g., 93% calc. on the bromo-imide) was filtered off and 
washed with carbon tetrachloride. Distillation of the combined filtrate and washings through a 
short column afforded 3-bromocyclohexene (7-82 g., 75% calc. on the bromo-imide), b. p. 70— 
72°/30 mm.; Bedos and Ruyer (Compt. rvend., 1937, 204, 1350) give 71-5°/26 mm.; Berlande 
(Bull. Soc. chim., 1942, 9, [v], 644) gives 80°/35 mm. The bromo-olefin was characterised by 
hydrolysis with cold aqueous sodium hydrogen carbonate (Berlande, loc. cit.) to cyclohex-2-en- 
l-ol which was identified by conversion into cyclohex-2-enyl phenylcarbamate, m. p. 107-5— 
108-5° either alone or in admixture with an authentic specimen (Waters, /., 1939, 1807). The 
residue (1-1 g.) from the distillation was a dark oil which was not further investigated. 

cycloHexene. A mixture of cyclohexane (64-7 ml., 0-6 mole), the bromo-imide (10-8 g., 0-06 
mole), and dimethyl a«’-azoisobutyrate (0-45 g.) was gently refluxed, and after 5 minutes a 
further quantity (0-2 g.) of the azo-ester (total, 0-003 mole) was added. Succinimide was 
gradually deposited and the solution became yellow. After a further 20 minutes the reaction 
appeared to be complete, and hydrogen bromide began to be evolved slowly ; the mixture was 
then cooled and filtered. The solid, after being washed with carbon tetrachloride, was shown 
to contain 0-15 g. of unchanged bromo-imide. The combined filtrate was washed with dilute 
aqueous sodium hydrogen carbonate, dried, and fractionated; it yielded cyclohexyl bromide 
(b.p. 63°/18 mm., n7 1-4920; 4-6 g., 48% calc. on the bromo-imide consumed). A redistilled 
sample was converted by the method of Marvel et al. (J. Amer. Chem. Soc., 1925, 47, 3009) into 
cyclohexylmercuric bromide, m.p. 152° either alone or in admixture with a sample prepared 
from authentic cyclohexyl bromide (Grignard, Bellet, and Courtot, Ann. Chim., 1919, 12, [ix], 
367). 

In another experiment, with cyclohexane (0-3 mole), the bromo-imide (0-06 mole), and the 
azo-ester (0-0015 mole), the yield of cyclohexyl bromide was 43%. 


M. p.s and b. p.s are uncorrected; analyses are by Drs. Weiler and Strauss. 
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420. Steroids and Related Compounds. Part XIV.* 58-Methyl- 
19-norcoprost-9(10)-ene-38 : 68 :-diol. 
By B. ELtis and V. PETRow. 


Further study of the changes undergone by ‘‘ Westphalen’s diol ’’ leads to 
its formulation as 58-methyl-19-norcoprost-9(10)-ene-38 : 68-diol (X; R’ = 
H). The revised structure is employed to illustrate the transformations 
undergone by this compound. 


THE constitution of a 5€-methyl-19-norcholest-8(9)-ene-3 : 6-diol for “‘ Westphalen’s diol ”’ 
(Part IL; Petrow, Rosenheim, and Starling, J., 1938, 677) fails to accommodate certain 
transformations observed during the present investigation. We have, therefore, 
considered, ab initio, alternative structures for this product and, as a result, propose a 
revised formulation which seems to provide a better interpretation of available 
experimental data. 

Work on the structure of Westphalen’s diol, described in Part II (loc. cit.), led Petrow, 
Rosenheim, and Starling to conclude that forced dehydration of 38 : 68-diacetoxy- 
cholestan-5a-ol (IX) results in a Wagner-type rearrangement of the meopentyl group 
Cys) CoyCamCe to give a 5&-methyl-19-norcholest-8(9)-ene-3 : 6-diol. The results 
described herein leave little doubt that this view is, in the main, correct. At the same time 
they show clearly that the unsaturated linkage of Westphalen’s diol is located at Ci):C;19), 
and not at Cig).Cy), as previously thought. The arguments whereby this decision is reached, 
however, are too lengthy and involved for presentation im extenso. We shall, therefore, 
anticipate this conclusion in discussing the transformations examined in the course of the 
present study. 

Wagner rearrangements are generally thought to involve a ¢rans-interchange of groups 
(see de la Mare, Ann. Reports, 1950, 47, 143). The §$-configuration may therefore be 
assigned to the 5-methyl group of Westphalen’s diol, which is accordingly formulated as 
56-methyl-19-norcoprost-9(10)-ene-38 : 68-diol (X; R’ =H). Direct evidence for placing 
the methyl group at C;,), however, does not exist. Indirect evidence, on the other hand, 
strongly supports the view that this position is occupied by a group other than hydrogen. 
Thus, in contrast to 3$-hydroxycholestan-6-one and certain other 6-keto-steroids (see 
Part II), the 38-methoxy-58-methyl-19-norcoprost-9(10)-en-6-one [‘‘ 3-methoxy-5€-methyl- 
19-norcholest-8(9)-en-6-one’’] of Davis and Petrow (jJ., 1951, 2211) fails to give the 
Liebermann—Buchard reaction. It also differs from them in resisting all efforts at conversion 
into an enol benzoate. In addition, 58-methyl-19-norcoprost-9(10)-ene-3 : 6-dione 
(‘‘ Westphalen diketone’’; Part II) fails to form a pyridazine derivative with hydrazine 
(Windaus, Inhoffen, and Reichel, Annalen, 1934, 510, 254), an observation which, though 
lacking structural significance (see Noller, J. Amer. Chem. Soc., 1939, 61, 2976), nevertheless 
reveals a point of difference between the Westphalen diketone and normal steroid 3: 6- 
diones. 

In addition to the 38 : 68-diacetoxy-9: 10-epoxy-5$-methyl-19-norcoprostane, m. p. 
133-5° (hereafter termed the ‘‘a’’-oxide diacetate) (XIa), obtained by the action of 
hydrogen peroxide on (X; R’ = Ac) (Part III, Petrow, J., 1939, 998), we have now isolated 
an isomeric compound from the mother-liquors which we have designated the “‘ b ’’-oxide 
diacetate (XIb). Both compounds readily undergo partial dehydration with alcoholic 
hydrochloric acid to give isomeric “‘«’’-, m. p. 127°, Amax. 247 my (ec = 29,000), and “‘ 8 ’’- 
38 : 68-diacetoxy-58-methyl-19-norcoprostadiene, m. p. 168°, Amax. 242 my (e = 9200) 
(both spectra redetermined in tsopropyl alcohol). 

Comparison of the absorption spectra of the ‘‘ «’’- and the “‘ 8 ’’-diene diacetate with 
those of homo- and hetero-annular dienes (see Woodward, J. Amer. Chem. Soc., 1942, 64, 
72; also Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,’’ Reinhold Publ. 
Corpn., 2nd Edn., p. 185) leads to the conclusion that heteroannular conjugated systems 
are present in both these compounds. The low-intensity spectrum of the “ # ’’-diene 
diacetate is similar to that of ergosteryl B, acetate (38-acetoxyergosta-7 : 14 : 22-triene), 

* Part XIII, J., 1952, 161. 
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Amax. 242 mu (e = 9900) (Barton and Brooks, J., 1951, 277), and to that of cholesteryl B, 
acetate (38-acetoxycholesta-7 : 14-diene), Amax. 248 my (e = 15,100) (Windaus, Linsert, 
and Eckhardt, Annalen, 1938, 534, 22). The “‘ 8 ’’-diene diacetate further resembles the 
last two compounds in readily forming a maleic anhydride adduct under non- forcing 
conditions (Part III, Joc. cit.). It is thus reasonable to conclude that the ‘6 "’-diene 
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diacetate likewise possesses a cisoid dienic system spread over three rings, as indicated in 
(V) and (VI; R’ = Ac, R” = 8-OAc, H). A decision between these alternative formulations 
is possible from a study of certain transformations undergone by the 38-methoxy-5f- 
methy]-19-norcoprost-9(10)-en-6-one of Davis and Petrow (/oc. cit.). 

Oxidation of this compound with hydrogen peroxide in acetic acid leads to the corre- 
sponding 9 : 10-epoxide in excellent yield. Hydrolysis of this epoxide with hot alcoholic 
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hydrochloric acid gives two isomeric methoxy-dienones of m. p. 70° and 85°, characterised 
by their absorption spectra [Amax, 248 (« = 29,000) and 242 my (emax. = 9200) respectively]. 
Comparison of these values with those given by the “‘ «’’- and the “‘ 8 ’’-diene diacetate 
reveals the important fact that the two sets of spectra are indistinguishable. The 
conclusion may be drawn that the unsaturated linkages present in the two compounds, 
m. p. 70° and 85°, correspond exactly in position with those present in the “‘ «’’- and the 
““8’’-diene diacetate, respectively. The dienic methoxy-ketone, m. p. 85°, should thus 
correspond structurally to the “‘ 8 ’’-diene diacetate and should, therefore, be (V; R’ =Me, 
R” = :O) or (VI; R’ = Me, R” = :O) (see above). The former structure, however, is 
excluded by the spectroscopic data, which show that the dienic system is not conjugated 
with the carbonyl group at Cig. Formulation (VI; R’ = Me, R” = :O) must therefore be 
assigned to the methoxy-keto-diene, m. p. 85°, and formulation (VI; R’ = Ac, R” = 
6-OAc) to the “‘ 8 ’’-diene diacetate. 

Before proceeding further it is relevant to add that the production of (VI; R’ = Ac, 
R” = $-OAc) from the ‘‘a”’ and the “ b’’-oxide diacetate (XIa and XId) provided the 
first definite clue that the unsaturated linkage of Westphalen’s diol is located at Cw)-Cyg). 
Formation of this diene from an 8: 9-epoxide, though not impossible, requires bond 
migration of more complex character for which there is, at present, no a priori justification. 
The conclusion thus reached was strengthened by the observations, presented below, on the 
location of the unsaturated linkages in the “‘ « ’’-diene diacetate. 

Three correlated series of transformations are required to establish the structure of the 
« ’’-diene diacetate : 

(i) Reasons presented in Part III (loc. cit.) for assigning the 11-position to the hydroxyl 
group introduced into (X; R’ = H) by selenium dioxide rest largely on the observation 
that oxidation of the monounsaturated triol with chromic acid gives a trione oxide (cf. I) 
which does not contain a 1 : 3-diketone grouping. This conclusion, previously reached 
on chemical grounds alone, has now been finally confirmed by spectroscopic study of the 
trione oxide: this has no significant absorption in the ultra-violet region in both neutral 
and alkaline solution. The selenium dioxide oxidation product of (X; R’ = H) may 
therefore be formulated as a 58-methyl-19-norcoprost-9(10)-ene-38 : 68 : 11-triol (VII; 
R’ = H), and the corresponding trione oxide as 9€ : 10£-epoxy-58-methyl-9-norcoprostane- 
3 : 6: 11-trione (I). 

(ii) The ‘‘a’’- and the “ b’’-oxide diacetate (XIa and XId) formed by treatment of 
(X; R’ = Ac) with hydrogen peroxide (see above) resemble each other in their behaviour 
towards alcoholic hydrochloric acid, an ‘‘ «’’- and a “‘ @’’-diene diacetate (VI; R’ = Ac, 
R”’ = 8-OAc) being formed. They differ, however, in their behaviour towards the periodic 
acid reagent recently introduced by Fieser and Rajagopalan (J. Amer. Chem. Soc., 1949, 
71, 3938) for conversion of cholesterol «-oxide into cholestane-38 : 5a : 68-triol. Thus, 
in contrast to the ‘‘a’’-isomer which is recovered unchanged, the “‘ b’’-oxide diacetate 
passes into (VII; R’ = Ac) when heated with this reagent in aqueous acetone. It is thus 
clear that careful acidic hydrolysis of the ‘‘ b’’-oxide diacetate (XIb) occurs through 
initial formation of (VIII) which then undergoes allylic rearrangement into (VII; R’ = 
Ac). The latter compound thus forms an essential intermediate in the conversion of the 
“‘b’”’-oxide acetate (X14) into the “ « ’’-diene diacetate. 

(iii) Attempts to acetylate the free hydroxyl group of (VII; R’ = Ac) with acetic 
anhydride-sodium acetate led to the formation of the “‘«’’-diene diacetate, admixed 
with smaller quantities of (VI; R’ = Ac, R” = 8-OAc). As free hydrogen ions are absent 
under these experimental conditions, it is unlikely that migration of unsaturated linkages 
in the ‘‘a’’-diene diacetate would be facilitated by the dehydrating reagent. It is 
permissible to assume, in these circumstances, that the major product of the dehydration, 
the “‘ « ’’-diene diacetate, is formed from (VII; R’ = Ac) by simple removal of the elements 
of water. If this is indeed the case the constitution of 38 : 68-diacetoxy-58-methyl-19- 
norcoprosta-9(10) : 1l-diene (IV; R’ = Ac) may be assigned to the “‘ « ’’-diene diacetate. 

The formulation (IV; R’ = Ac) is supported by the spectrum of the compound which 
shows a high intensity band, Amax. 247 my (ce = 29,000), comparable with that given by 
38-acetoxycholesta-6 : 8(14)-dien-9-ol (Amax. 248 mu; ¢ = 28,700) (Windaus, Linsert, and 
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Eckhardt, Annalen, 1938, 534, 22). The structural relation postulated above between 
the ‘“‘«’’- (IV; R’ = Ac) and the “ 8’’-diene diacetate (VI; R’ = Ac, R” = $-OAc) is 
further strengthened by the observation that the “‘ «’’-isomer (IV; R’ = Ac), on treatment 
with dry hydrogen chloride in chloroform at 0°, passes into the ‘‘ 8’’-isomer (VI; R’ = Ac, 
R” = 8-OAc), a change closely paralleled by the transformation of ergosterol B, into B, 
under similar experimental conditions (Windaus, Dithmar, Murke, and Suckfiill, Amnalen, 
1931, 488, 91). 

Oppenauer oxidation of (VII; R’ = H) with aluminium tsopropoxide and cyclohexanone 
leads to the formation of a dihydroxy-ketone, characterised by conversion into a monosemi- 
carbazone, monoacetate, and monobenzoate. Its formulation as 68 : 11-dihydroxy-5g- 
methyl-19-norcoprost-9(10)-en-3-one (II; R’ = H) follows from the observation that it 
is not an a$-unsaturated ketone, and that 38-methoxy-5$-methyl-19-norcoprost-9(10)-en- 
68-ol (Davis and Petrow, Joc. cit.), in which oxidation at C,) cannot occur, is recovered 
substantially unchanged under similar conditions (cf. Davis and Petrow, J., 1949, 2973; 
1950, 1185). 

In contrast to (VII; R’ = Ac), (II; R’ = Ac) is not dehydrated when heated with 
sodium acetate—acetic anhydride for 3 hours. Brief treatment with anhydrous formic acid 
under reflux, however, converts (II; R’ = Ac) into 68-acetoxy-58-methyl-19-norcoprosta- 
9(10) : 11-dien-3-one (III), the constitution of which follows from (i) its ultra-violet 
absorption spectrum which shows absence of conjugation of the dienic system with the 
carbonyl group, (ii) its failure to give a potassium salt with ethanolic potassium hydroxide, 
and (iii) its conversion, by reduction with lithium aluminium hydride followed by 
acetylation, into (IV; R’ = Ac). 

Alkaline hydrolysis of the ‘‘ b’’-oxide diacetate (X1b) gives the corresponding diol, 
which is oxidised with chromic acid to “‘ b’’-9: 10-epoxy-58-methyl-19-norcoprostane- 
3 : 6-dione (XIIIb) characterised as the monosemicarbazone. Treatment of (XIII4) with 
(i) hot ethanolic hydrochloric acid, or (ii) hydrobromic acid in acetone at room temperature, 
affords the chlorohydrin (XIV; R’=Cl) and the bromohydrin (XIV; R’ = Br), 
respectively. Both halogenohydrins are readily transformed by sodium acetate—acetic 
anhydride into (XIIId), and by hot ethanolic potassium hydroxide into an unsaturated 
hydroxy-diketone, also obtained directly from (XIII4) by treatment with hot ethanolic 
potash. This hydroxy-diketone is not an «$-unsaturated ketone and is also stable to alkali 
(cf. 3-keto-cestr-5(10)-en-17-0l ——> 3-keto-cestr-4-en-17-0l; Birch, J., 1950, 367), so that 
it is conveniently formulated as (X V0). 

Attempts to dehydrate (X Vd) by Darzens’s method proved unsuccessful, gummy products 
admixed with much unchanged material being obtained. Boiling with acetic anhydride 
or with periodic acid in aqueous acetone were without effect. Dehydration of (XVd) was 
accomplished, however, by heating it (a) with ethanolic hydrochloric acid, a diene-dione, 
m. p. 163°, being obtained, and (6) with formic acid, which gave a diene-dione, m. p. 101°. 
The latter compound was also formed in excellent yield by treating (XIV; R’ = Cl) with 
thionyl chloride in pyridine at 0°. 

Treatment of the isomeric “‘a’’-9: 10-epoxy-58-methyl-19-norcoprostane-3 : 6-dione 
(XIIIa; derived from the ‘‘ a’’-oxide diacetate) with ethanolic hydrochloric acid at room 
temperature likewise gives an unsaturated hydroxy-diketone, conveniently represented 
by (XVa), which passes into a mixture of the diene-diones, m. p. 101° and 163°, respectively, 
on treatment with hot ethanolic hydrochloric acid. 

The ultra-violet absorption spectrum of the diene-dione, m. p. 163°, with Amex, 245 mu 
(c = 18,200), reveals the presence of a dienic chromophore, probably transoid, which is not 
conjugated with a carbonyl group. As, in addition, the compound forms a coloured 
potassium salt on solution in ethanolic potassium hydroxide, thereby showing that one of 
the double bonds is By to a carbonyl group, it is assigned the constitution 58-methyl-19- 
norcoprosta-1(10) : 8(9)-diene-3 : 6-dione (XVI). This is supported by the observation 
that the diene-dione is reduced by lithium aluminium hydride to a non-crystalline mixture 
of diols showing ultra-violet absorption of Amax. 245 my (« = 16,200), entirely compatible 
with formulation (XVI) for the parent diene-dione. 

The ultra-violet absorption of the diene-dione, m. p. 101°, with Amax, 304 my (e = 17,400), 
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reveals the presence of a dienic chromophore conjugated with a carbonyl group. The 
carbonyl group is probably not at C;,) as ethanolic hydrochloric acid converts 9 : 10-epoxy- 
36-methoxy-58-methyl-19-norcoprostan-6-one into two methoxy-dien-6-ones, neither of 
which is an af-unsaturated ketone (see above). The foregoing compound is therefore 
assigned the constitution 58-methyl-19-norcoprosta-1 : 9(10)-diene-3 : 6-dione (XII). Its 
reduction with lithium aluminium hydride gives a non-crystalline mixture of diols with an 
ultra-violet absorption maximum at 247 my (e = 22,000), in accord with this formulation. 
Certain related observations required by us to reach the conclusion that Westphalen’s 
diol is represented by (X ; R’ = H) are reported upon briefly in the Experimental section. 


EXPERIMENTAL 


M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. Optical 
rotations were measured in chloroform solution in a 2-dm. tube unless otherwise stated. 
Absorption spectra, measured in isopropyl] alcohol, were kindly determined by Dr. R. E. Stuckey 
and Mr. P. Stross, B.Sc., Analytical Department, The British Drug Houses, Ltd. Activated 
alumina, B.D.H. Laboratory Grade, was employed for all chomatographic work. 

58-Methyl-19-norcoprost-9(10)-ene.—58-Methyl-19-norcoprost-9(10)-ene-3 : 6-dione (3 g.) was 
heated under reflux with semicarbazide hydrochloride (1-8 g.) and anhydrous sodium acetate 
(1-8 g.) in 95% alcohol (70 ml.) for 6 hours and the mixture poured into water. The crude 
granular semicarbazone (3-3 g.) obtained (softened at 170° and decomposed between 190° and 
200°) was heated under reflux in diethylene glycol (50 ml.) containing hydrazine hydrate (1-5 ml. 
of 90% w/v) and potassium hydroxide (4-5 g.) for 30 minutes; the condenser was then removed 
and boiling continued until the temperature had reached 200°. The condenser was replaced 
and the mixture refluxed for a further 4 hours. The oily product so obtained was dissolved in 
light petroleum (b. p. 40—60°) (50 ml.), and the solution passed through a column (9 x 1-5 cm.) 
of alumina. Evaporation of the eluate gave a syrup (1:5 g.; [a]? +62°). Purification was 
effected by strongly cooling a solution in boiling acetone. After three such treatments, 
58-methyl-19-norcoprost-9(10)-ene was obtained as a colourless viscous syrup distilling unchanged 
at 250°/1-5 mm., [a]? +66-1° (c, 1-93) (Found: C, 87-4; H, 12-4. C,,Hy, requires C, 87-5; 
H, 12-5), which failed to crystallise during contact with solvents for many months. 

It gave a characteristic violet colour in the Tortelli—Jaffé test and was recovered unchanged 
after treatment with dry hydrogen chloride in chloroform at 0°. 

Cholest-8(9)-en-3-one.—A suspension of cholest-8(9)-en-38-ol (1 g.) in benzene (10 ml.) was 
shaken for 5 hours with chromic acid (0-33 g.) in acetic acid (12 ml.; 70%). The neutral fraction 
of the oxidation product gave cholest-8(9)-en-3-one (50%), feathery needles, m. p. 124—125°, 
[a]? +66-4° (c, 0-99), from aqueous acetone (Found: C, 84:3; H, 11-7. Calc. for C,,H,,O: 
C, 84:3; H, 11-5%) (Wieland, Rath, and Benend, Amnalen, 1941, 548, 19, give [«], +71-5°, 
m. p. 124—125°). 

Cholest-8(9)-ene.—The foregoing ketone (0-75 g.) in absolute ethanol (25 ml.) was heated with 
hydrazine hydrate (0-5 ml.; 90% w/v) for 30 minutes under reflux, whereafter the solvent was 
removed under reduced pressure and the crystalline residue was heated under reflux in di- 
ethylene glycol (20 ml.) containing potassium hydroxide (2 g.) and hydrazine hydrate (0-2 ml. 
of 90% w/v) for 1 hour. A solution of the product in light petroleum (b. p. 40—60°) was 
filtered through a column (8 x 1:3 cm.) of alumina. Evaporation of the filtrate gave a 
crystalline solid (0-55 g.; m. p. 88°), further purified by recrystallisation from acetone—methanol. 
Cholest-8(9)-ene formed lustrous plates, m. p. 90—91°, [a|}## +49-3° (c, 1-06) (Found: C, 87-4; 
H, 12-3. Calc. for C,,H,,: C, 87-5; H, 12-5%) (Bladon, Fabian, Henbest, Koch, and Wood, 
J., 1951, 2402, have independently given m. p. 92—93-5°, [a], +56°). It gave the normal 
green colour in the Tortelli—Jaffé test. 

38-Methoxy-58-methyl-19-norcoprost-9(10)-en-6-one semicarbazone, obtained in 90% yield by 
treating 38-methoxy-58-methyl-19-norcoprost-9(10)-en-6-one (5 g.) in absolute ethanol (100 ml.) 
with semicarbazide hydrochloride (1-5 g.) in water (5 ml.) and anhydrous sodium acetate (1-5 g.) 
in ethanol (15 ml.) for 3 days at room temperature, formed platelets, m. p. 187° (decomp.), from 
aqueous ethanol (Found: N, 8-9. C,.H,,O,N, requires N, 8-9%). Only small quantities of 
the derivative could be isolated when the reactants were heated under reflux for several hours. 

38-Methoxy-58-methyl-19-norcoprost-9(10)-ene.—The foregoing semicarbazone (5 g.), 
potassium hydroxide (10 g.), and hydrazine hydrate (2 ml.; 90% w/v) in diethylene glycol 
(100 ml.) were heated in an open flask until the temperature reached 195—200°, whereafter the 
mixture was refluxed for 2 hours. The product was isolated with ether, its solution in light 
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petroleum (b. p. 40—60°) passed through a column (10 x 3-5 cm.) of alumina, and the filtrate 
evaporated, to give a waxy solid (2-9 g.), m. p. 61°. Crystallised from acetone—methanol, 
36-methoxy-5$-methyl-19-norcoprost-9(10)-ene formed long hard needles, m. p. 63—64°, 
[a)P +64° (c, 2-34) (Found: C, 83-6; H, 11-7. Calc. for C,,H,,0: C, 83-9; H, 12-1%) (Shealy 
and Dodson, J. Org. Chem., 1951, 16, 1427, have independently given m. p. 59-5—60-5°, 
[a]? +61-7°). The compound gave a violet colour in the Tortelli—Jaffé test. 

36-Toluene-p-sulphonyloxycholest-8(9)-ene, obtained in small flat plates, m. p. 113° (sintering 
at 108°), from aqueous acetone (Found: C, 74:9; H, 9-7. C,,H,,0,S requires C, 75-5; H, 
9-7%), was not converted into the methyl ether when its solution in methanol was refluxed for 
8 hours, a gum being obtained. 

38-Methoxycholest-8(9)-ene.—A solution of cholest-8(9)-en-38-ol (4 g.) in benzene (30 ml.) was 
added to a suspension of powdered potassium (1 g.) in benzene (30 ml.), and the reaction 
completed by warming. After addition of methyl iodide (20 ml.) the mixture was gently refluxed 
for 4 hours, cooled, and diluted with ether. The solution was washed and dried, the solvents 
were removed, and the residue in light petroleum was percolated through a column (10 x 3-5 cm.) 
of alumina. 38-Methoxycholest-8(9)-ene separated in large thin plates (55%), m. p. 104°, [a}}* 
+40° (c, 1-17), from acetone—methanol (Found: C, 83-5; H, 11-8. C,,H,,O requires C, 83-9; 
H, 12-1%). 

38 : 68-Diacetoxy-58-methyl-19-norcoprostan 9 : 10-Oxides.—Westphalen’s diacetate (30 g.) in 
acetic acid (750 ml.) was treated for 5 days at room temperature with hydrogen peroxide 
(30 ml.; 100 vol.), whereafter the mixture was poured into brine. When the precipitated 
solids were dissolved in warm aqueous methanol to which a little acetone had been added, 
38 : 68-diacetoxy-58-methyl-19-norcoprostane ‘‘a’’-9: 10-oxide (40%) rapidly separated in 
flat needles, m. p. 132° (Part III, loc. cit.). Cautious dilution of the mother-liquors gave 38 : 68- 
diacetoxy-58-methyl-19-norcoprostane ‘‘b’’-9: 10-oxide (43%), flat needles, m. p. 101—102°, 
[a], +57-8° (c, 0-94) (from aqueous methanol) (Found: C, 74-4; H, 10-1. C,,H;,O, requires 
C, 74:1; H, 10-0%). 

When the “ b ’’-oxide diacetate was treated with alcoholic hydrochloric acid, and the product 
acetylated (cf. Part III, loc. cit.), 36 : 66-diacetoxy-58-methyl-19-norcoprosta-9(10) : 11- and 
1(10) : 9-diene were obtained, identified by m. p.s and mixed m. p.s. 

38-Methoxy-58-methyl-19-norcoprostan-6-one 9 : 10-Oxide.—38-Methoxy-5$-methyl-19-norco- 
prost-9(10)-en-6-one (4-4 g.) in acetic acid (100 ml.) was treated for 24 hours at room temperature 
with hydrogen peroxide (4 ml.; 100 vol.). The product was poured into brine and the 
precipitated solids were crystallised from aqueous methanol-acetone. The oxide (90%) formed 
soft needles, m. p. 97°, [a] —6-3° (c, 1-27) (Found: C, 78-5; H, 10-8. C,,H,,O, requires 
C, 78:1; H, 10-8%). 

Isomeric 38-Methoxy-58-methyl-19-norcoprostadienones.—The foregoing compound (2 g.) in 
ethanol (30 ml.) was refluxed for 10 minutes with concentrated hydrochloric acid (1-5 ml.). 
Crystallisation of the product from aqueous methanol-—acetone gave 38-methoxy-58-methyl-19- 
norcoprosta-1(10) : 9-dien-6-one (35%) in hard needles, m. p. 85—86°, [a]?## —200° (c, 1-14) 
(Found: C, 81-8; H, 10-9. C,,H,,O, requires C, 81:5; H, 10-75%). Light absorption: d.,,4,. 
242 my, (¢ = 9100). The 2: 4-dinitrophenylhydrazone crystallised from ethanol in yellow 
needles, m. p. 1837—139° (Found: N, 9-3. C,,H,,0,;N, requires N, 9-5%). 

Removal of the solvents from the first mother-liquor gave a syrup which solidified only 
when its solution in absolute methanol was strongly cooled. Subsequent slow crystallisation 
from methanol gave 38-methoxy-56-methyl-19-norcoprosta-9(10) : 11-dien-6-one (20%), hard 
needles, m. p. 70°, [a] —105° (c, 1-07; 1, 1) (Found: C, 81-4; H, 10-2. C,,H,,O, requires 
C, 81-5; H, 10-75%). Light absorption: Amax, 248 my (¢ = 29,000). The 2: 4-dinitrophenyi- 
hydvazone separated from ethanol in crystals, m. p. 148—150° (Found: N, 9-2. C,,Hy,O,N, 
requires N, 9-5%). 

Action of Periodic Acid on 38 : 68-Diacetoxy-58-methyl-19-norcoprostane ‘‘ b’’-9 : 10-Oxide 
(XIa).—The ‘‘ b’’-oxide diacetate (4 g.) in acetone (120 ml.) was treated with a solution of 
periodic acid (2-4 g.) in water (40 ml.), and the mixture refluxed for 2 hours. The product, 
isolated with ether, was extracted with hot light petroleum (50 ml.) (b. p. 80—100°), and the 
insoluble fraction (1-3 g.) crystallised from acetone-light petroleum. 38 : 66-Diacetoxy-56- 
methyl-19-norcoprost-9(10)-en-11-ol formed small flat needles, m. p. 185° (Found: C, 74-1; 
H, 10-0. Calc. for C;,H;,0,: C, 74:1; H, 10-0%) not depressed in admixture with an authentic 
specimen. Saponification with ethanolic potassium hydroxide gave 5$-methyl-19-norcoprost- 
9(10)-ene-38 : 68 : 11-triol, long hard needles, m. p. 253°, from ethanol (Found: C, 77-5; H, 
10-8. Calc. for C,,H,,O,: C, 77-5; H, 11-1%) [Petrow, Joc. cit., gives m. p. 223° (decomp.)). 
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56-Methyl-19-norcoprostane-3 : 6: 11-trione 9: 10-Oxide (I).—A suspension of 58-methyl-19- 
norcoprost-9(10)-ene-38 : 68-11-triol (0-85 g.) in benzene (15 ml.) was shaken for 5 hours with 
chromium trioxide (0-7 g.) in acetic acid (20 ml.; 80%). The neutral fraction, from aqueous 
methanol, yielded 53-methyl-19-norcoprostane-3 : 6 : 1l-trione 9 : 10-oxide (60%), flat needles, 
m. p. 168—169° (Found: C, 75-5; H, 9-1. Calc. for C,,H,,O,: C, 75:7; H, 9-3%) (Petrow, 
Part III, doc. cit., gives m. p. 165-5—166-5°)._ Examined in neutral and in alkaline isopropyl 
alcohol, the compound did not show any significant absorption in the region 230—400 mu. The 
monosemicarbazone formed small needles, m. p. 229—230° (decomp.), from aqueous ethanol 
(Found: N, 8-9. C,,Hy,0,N, requires N, 8-7%). 

Isomerisation of 38 : 68-Diacetoxy-58-methyl-19-norcoprosta-9(10) : ll-diene (IV; R’ = Ac) 
with Hydrogen Chloride.—A stream of dry hydrogen chloride was passed during 45 minutes 
through a solution of the diene (1-3 g.) in chloroform (30 ml.) at 0°. Thereafter the violet 
solution was washed with ice-cold aqueous sodium hydrogen carbonate and dried, the solvent 
removed in vacuo, and the residue crystallised from aqueous acetone. 38 : 68-Diacetoxy-58- 
methyl-19-norcoprosta-1(10) : 9-diene (35°) was obtained, having m. p. and mixed m. p. 168°. 

68 : 11-Dihydroxy-58-methyl-19-norcoprost-9(10)-en-3-one (II; R’ = H).—58-Methyl-19-nor- 
coprost-9(10)-ene-38 : 68 : 11-triol (8 g.) and aluminium isopropoxide (12-5 g.) in toluene (100 ml.) 
and cyclohexanone (60 ml.) were heated under reflux for 1 hour. The mixture was washed with 
dilute sulphuric acid, then with water, and the solvents were removed by steam-distillation. 
The product on crystallisation from aqueous ethanol gave 68 : 11-dihydroxy-58-methyl-19- 
norcoprost-9(10)-en-3-one (60%) in long flat needles, m. p. 180°, [a]}? —14-6° (c, 1-01) (Found : 
C, 77-8; H, 10-1. C,,H,,O, requires C, 77-8; H, 10-4%). The compound did not show 
significant absorption in the region 220—-300 mu. The semicarbazone separated from aqueous 
ethanol in needles, m. p. 220—-221° (decomp.) (Found: N, 9-4. C,,H,,O,N, requires N, 8-9%). 
The 66-monoacetate, prepared by refluxing the dihydroxy-ketone (2 g.) with acetic anhydride 
(15 ml.) for 30 minutes, crystallised from aqueous methanol in small hard prisms, m. p. 124°, 
[aj —30° (c, 1:1; J, 1) (Found: C, 76-3; H, 9-8. CygH,,.O, requires C, 75-9; H, 10-1%). 
The 68-monobenzoate, prepared by heating the dihydroxy-ketone (0-45 g.) with benzoyl chloride 
(1-5 ml.) in pyridine (3 ml.) for 30 minutes at 100°, crystallised from aqueous acetone as hard 
rods, m. p. 138° (Found: C, 78-3; H, 8-8. C,,H,,O, requires C, 78-4; H, 9-3%). 

68-A cetoxy-58-methyl-19-norcoprosta-9(10) : 11-dien-3-one (II1).—68-Acetoxy-11-hydroxy-56- 
methyl-19-norcoprost-9(10)-en-3-one (1-4 g.) was treated for 5 minutes at 100° with anhydrous 
formic acid (7 ml.). The product, on crystallisation from aqueous acetone, gave 6$-acetoxy-58- 
methyl-19-norcoprosta-9(10) : 11-dien-3-one (30%), long thin needles, m. p. 137°, [a]jf —57-6 
(c, 0-85; J, 1) (Found: C, 79-2; H, 10-3. C,,H,,O, requires C, 79-0; H, 10-1%). Light 
absorption : Amax.248 my (¢ = 23,100). Reduction of the foregoing dienone (185 mg.) with 
lithium aluminium hydride (400 mg.) in ether (60 ml.) under reflux for 45 minutes, followed by 
acetylation and crystallisation from aqueous acetone, gave 38 : 68-diacetoxy-5$8-methyl-19- 
norcoprosta-9(10) : 11-diene (55 mg.), soft needles, m. p. 126° (Found: C, 76-8; H, 10-0. Cale. 
for C,;,H,,0,: C, 76-8; H, 9-9%), not depressed in admixture with an authentic specimen. 

36 : 68-Dihydroxy-58-methyl-19-norcoprostane ‘‘ b’’-9 : 10-Oxide.—Obtained from the corre- 
sponding diacetate by hydrolysis with ethanolic potassium hydroxide, this oxide separated from 
light petroleum—acetone in felted hair-like needles, m. p. 148—149° (Found: C, 77-4; H, 11-1. 
C,,H,,O, requires C, 77-5; H, 11-1%). 

58-Methyl-19-norcoprostane-3 : 6-dione ‘‘ b’’-9 : 10-Oxide (XIIIb).—The foregoing diol “ b’’- 
oxide (2 g.) in benzene (20 ml.) was shaken for 5 hours with chromium trioxide (1-4 g.) in acetic 
acid (30 ml. of 80%). The neutral fraction crystallised from methanol, to give 58-methyl-19- 
norcoprostane-3 : 6-dione ‘‘b’’-9: 10-oxide (60%), long hard needles, m. p. 147°, [a]? +70° 
(c, 1-01) (Found: C, 78-0; H, 10-1. C,,H,,O, requires C, 78-2; H, 10-1%). The monosemi- 
carbazone formed needles, m. p. 225° (decomp.), from ethanol-chloroform (Found: N, 8-7. 
C.,H,;O,N, requires N, 8-9%). 

Chlorohydrin (XIV; R’ = Cl).—When the dione “ b ’’-oxide (XIIIb) (200 mg.) in ethanol 
(5 ml.) was heated under reflux with concentrated hydrochloric acid (1 ml.) for 5 minutes, the 
chlorohydrin (130 mg.) was obtained; it formed hard needles, m. p. 219—220° (effervescence), 
from aqueous ethanol (Found: C, 71-8; H, 9-6; Cl, 8-3. C,7H,4,0,Cl requires C, 71-9; H, 
9-6; Cl, 79%). When the compound (60 mg.) and anhydrous sodium acetate (100 mg.) were 
heated under reflux for 30 minutes in acetic anhydride (1 ml.) the dione “ b’’-oxide (40 mg.) was 
regenerated (m. p. and mixed m. p. 147°). 

Bromohydrin (XIV; R’ = Br).—The dione “ b ’’-oxide (XIIIb) (100 mg.) in acetone (5 ml.) 
was treated for 1 hour at room temperature with hydrobromic acid (0-2 ml; 48%). The 
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crystalline deposit (60 mg.), purified from aqueous methanol, gave the bromohydrin as needles, 
m. p. 174° (decomp.) (Found : C, 66-0; H, 8-9. C,,H,,0,Br requires C, 65-4; H, 8-75%). The 
dione ‘‘ b’’-oxide was regenerated from this compound by boiling acetic anhydride—sodium 
acetate. 

The Hydroxy-diketone (XVb).—(a) The chlorohydrin (XIV; R’ = Cl) or the bromohydrin 
(XIV; R’ = Br) (200 mg.) in ethanolic potassium hydroxide (5 ml.; 4%) was refluxed for 
10 minutes, and water was added to turbidity. The hydroxy-diketone (100—125 mg.) separated 
and crystallised from aqueous ethanol as small blades or long needles, m. p. 210—212° [Found : C, 
78-1; H, 10-0; active H (Zerewitinoff), 0-29. C,,H,,O, requires C, 78-2; H, 10-1; active H, 0-24%). 

(b) The dione “‘ b”’-oxide (XIIIb) (500 mg.) was heated under reflux for 5 minutes with 
ethanolic potassium hydroxide (12 ml. of 4%), to give the foregoing product (400 mg.), m. p. 
210—212°, not depressed in admixture with a specimen prepared by method (a). 

The compound did not show selective absorption in the region 220—300 mu. It was 
recovered unchanged after being heated under reflux for 15 minutes with sodium acetate—acetic 
anhydride, and for 30 minutes with periodic acid in aqueous acetone. 

58-Methyl-19-norcoprosta-1(10) : 8(9)-diene-3 : 6-dione (X VI).—The foregoing substance (X Vb) 
(100 mg.) in ethanol (2-5 ml.) containing concentrated hydrochloric acid (5 drops) was refluxed 
for 30 minutes and the product in light petroleum (b. p. 40—60°) chromatographed on a column 
(5 x 0-8 cm.) of alumina. Development with the same solvent furnished several fractions, 
giving yellow intractable gums. Further development with ether gave a gum that solidified 
when rubbed with methanol. Purified from aqueous acetone, the diene-dione (10 mg.) formed 
leafy plates, m. p. 163°, [a]}* +3° (c, 0-97; J, 1) (Found: C, 81-4; H, 10-1. C,,H,,O, requires 
C, 81-8; H, 10-2%). Light absorption: ?.4,, 245 mu (ec = 18,200). The compound dissolved 
in 6% ethanolic potassium hydroxide with production of an intense orange-yellow colour and 
separation of a micro-crystalline potassium salt. The diene-dione was regenerated on acidification. 

58-Methyl-19-norcoprosta-1 : 9(10)-diene-3 : 6-dione (XII).—(a) The hydroxy-diketone (X Vb) 
(200 mg.) was treated for 5 minutes at 100° with anhydrous formic acid (5 ml.). The product, 
in light petroleum (b. p. 40—60°), was chromatographed on a column (5 x 1:3 cm.) of alumina. 
Elution with light petroleum—acetone gave the diene-dione (30 mg.) in hard prismatic needles, 
m. p. 100—101°, [a)## +238° (c, 1-14; J, 1) (Found: C, 81-4; H, 9-9. C,,H,,O, requires C, 
81-8; H, 10-2%). Light absorption : Ang, 304 mu (¢ = 17,400). 

(6) The chlorohydrin (XIV; R’ = Cl) (130 mg.) in dry pyridine (1 ml.) was treated at 0° 
with thionyl chloride (0-06 ml.). After 10 minutes at room temperature, ice-water was added 
and the precipitated solids were crystallised from aqueous ethanol, giving the diene-dione 
(82 mg.), needles, m. p. 100°, not depressed in admixture with a specimen prepared by 
method (a). The 2: 4-dinitrophenylhydrazone crystallised from chloroform-ethanol in dark red 
needles, m. p. 198° (Found: N, 9-4. C,,H,,O;N, requires N, 9-7%). An enol benzoate was 
obtained in low yield when the diene-dione (400 mg.) in pyridine (1 ml.) and benzoyl chloride 
(1 ml.) was refluxed for 20 minutes. It crystallised from aqueous acetone in hard plates, m. p. 
140° (Found: C, 81-8; H, 91. C3gH,O, requires C, 81-6; H, 88%). Light absorption: 
Amax, 324 my (¢ = 13,700). 

The Hydroxy-diketone (XVa).—Concentrated hydrochloric acid (0-8 ml.) was added to a 
suspension of the dione “ a ’’-oxide (XIIIa) (0-8 g.) in ethanol (50 ml.). The mixture was diluted 
after 3 hours at room temperature, and the product dissolved in aqueous ethanol from which 
crystals (0:5 g.) slowly separated. Recrystallised from aqueous acetone—methanol, the 
compound formed hard needles, m. p. 175—176° (Found: C, 77-2; 77:3; H, 10-2, 10-2. 
C,,H4,03,}H,O requires C, 77-35; H, 10-2%). 

Hydrolysis of the Dione “‘a’’-Oxide (XIIla) by Hot Alcoholic Hydrochloric Acid.—The oxide 
(XIIIa) (7-5 g.) was heated under reflux for 30 minutes with ethanol (100 ml.) and concentrated 
hydrochloric acid (5 ml.). Chromatography of the product in light petroleum (b. p. 40—60°) 
on a column (12 x 3-5 cm.) of alumina gave much yellow intractable gum as the first fraction. 
Subsequent fractions, which solidified when rubbed with methanol, were combined and 
crystallised from aqueous acetone, giving the diene-dione, m. p. 100—101° (270 mg.). Elution 
with light petroleum-—ether (4: 1) gave further intractable gums. Finally, development with ether 
afforded solids which, purified from aqueous acetone, gave the diene-dione, m. p. 163° (400 mg.). 

Reduction of the Isomeric Diene-diones.—(a) The diene-dione (XVI) (220 mg.) in ether (80 ml.) 
was refluxed for 1 hour with lithium aluminium hydride (300 mg.). The amorphous product, 
m. p. 70—80°, had light absorption A,,,;, 245 my (« = 16,200). It failed to crystallise before or 
after acetylation followed by chromatography. 

(6) Reduction of the diene-dione (XII) likewise gave an amorphous product, m. p. 60—70°. 
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Light absorption: Amar, 247 my (e = 22,000). Crystalline fractions were not obtained by 
chromatography of the acetylated material. 

The following derivatives were prepared for X-ray studies, the results of which will be 
reported elsewhere. 

38 : 68-Bischloroacetoxy-58-methyl-19-norcoprost-9(10)-ene (85%), prepared by treating 
Westphalen’s diol (1-6 g.) with chloroacetic anhydride (5 g.) for 15 minutes at 100°, formed 
needles, m. p. 101—102°, [a] +81-2° (c, 2-52), from ethanol (Found: C, 66-6; H, 8-7. 
C,,H,,0,Cl, requires C, 67-0; H, 8-7%). 

38 : 68-Bisiodoacetoxy-58-methyl-19-norcoprost-9(10)-ene was obtained when the foregoing 
bischloroacetate (1 g.) was heated under reflux for 15 minutes with sodium iodide (3 g.) in 
acetone (30 ml.). It separated from ethanol as a jelly but was obtained in soft felted needles, 
m. p. 114°, [a}}# +69-2° (c, 2-57), when methanol was added to its concentrated acetone solution 
(Found: C, 50-8; H, 6-8. C,;,H,,0,I, requires C, 50-4; H, 6-6%). 

68-A cetoxy-38-chloroacetoxycholestan-5a-ol, prepared by chloroacetylation of 6$-acetoxy- 
cholestane-38 : 5a-diol (Ellis and Petrow, J., 1939, 1078), crystallised from aqueous acetone in 
hard glistening needles, m. p. 198°, [«]}# —36-5° (c, 1-82) (Found: C, 68-9; H, 91. C3,,H;,0,;Cl 
requires C, 69-05; 

68-A cetoxy-38-chloroacetoxy-58-methyl-19-norcoprost-9(10)-ene.—A_ solution of 6$-acetoxy- 
36-chloroacetoxycholestan-5«-ol (7-5 g.) in acetic anhydride (35 ml.) containing potassium 
hydrogen sulphate (2 g.) was heated under reflux for 10 minutes. The mixture was poured into 
brine, then set aside overnight, and the gummy product isolated with ether and crystallised 
from acetone—methanol, to give 6$-acetoxy-38-chloroacetoxy-58-methyl-19-norcoprost-9(10)-ene 
(30%), prisms m. p. 110—111°, [a]?## +84-5° (c, 1-94) (Found: C, 71:2; H, 9-5. C3,H4,O,Cl 
requires C, 71-4; H, 9:5%). The compound gave a green colour in the Tortelli—Jaffé test. 

68-A cetoxy-38-iodoacetoxy-58-methyl-19-norcoprost-9(10)-ene, prepared from the foregoing 
chloroacetate, crystallised from aqueous ethanol in long hard needles, m. p. 130—131°, [a]? 
+71-1° (c, 1-78) (Found: C, 61-1; H, 8-45; I, 20-7. C,H, O,I requires C, 60-8; H, 8-1; I, 
20-75%). On hydrolysis with methanolic potash, Westphalen’s diol was obtained, identified 
by m. p. and mixed m. p. with an authentic specimen. 

38-A cetoxy-68-chloroacetoxycholestan-5a-ol, obtained on chloroacetylation of 38-acetoxy- 
cholestan-5« : 68-diol (Pickard and Yates, J., 1908, 98, 1678), crystallised from aqueous ethanol 
in needles, m. p. 144—145°, [a]}* —43-6° (c, 1-86) (Found : C, 69-2; H, 9-6. C3,H;,O,;Cl requires 
C, 69-05; H, 9-5%). 

38-A cetoxy-68-iodoacetoxycholestan-5a-ol formed needles, m. p. 113—115°, [a]#! —33-2° 
(c, 1-16), from aqueous ethanol (Found: C, 59-1; H, 8-4. C,,H,;,0;I requires C, 59-0; H, 8-15%). 

38-A cetoxy-68-todoacetoxy-58-methyl-19-norcoprost-9(10)-ene.—(a) 38-Acetoxy-68-chloroacet- 
oxycholestan-5a-ol (3-5 g.) in acetic anhydride (20 ml.) containing potassium hydrogen sulphate 
(1 g.) was heated under reflux for 10 minutes. The product, isolated with ether, did not 
crystallise and was, therefore, treated with sodium iodide (5 g.) in acetone (50 ml.) for 30 minutes 
under reflux. 3(-Acetoxy-68-iodoacetoxy-58-methyl-19-norcoprost-9(10)-ene (900 mg.) was 
obtained as felted hair-like needles, m. p. 127—128°, [a]}# +72° (c, 1-55), from aqueous alcohol 
(Found: C, 60-3; H, 8-0. (C,,H,,O,I requires C, 60-8; H, 8-1%). 

(b) When 3-acetoxy-68-iodoacetoxycholestan-5«-ol was treated with acetic anhydride and 
potassium hydrogen sulphate, the corresponding Westphalen diester was obtained from aqueous 
acetone in hair-like needles, m. p. 128°, not depressed in admixture with a specimen prepared by 
method (a). The compound gave a positive Tortelli-Jaffé test, and Westphalen’s diol on 
saponification. 

68-A cetoxy-38-p-iodobenzoyloxycholestan-5a-ol (70%) was obtained when 68-acetoxycholestane- 
38 : 5a-diol (2 g.) was heated under reflux for 45 minutes with p-iodobenzoyl] chloride (4 g.) in 
dry pyridine (25 ml.) and crystallised from acetone—methanol in soft silky needles, m. p. 162° 
(sinters 117—120°), [a]## —13-3° (c, 1-80) (Found: C, 61-7; H, 7:4. C3 .H,;,;0;I requires C, 
62-4; H, 7-7%). 

68-A cetoxy-38-p-todobenzoyloxy-58-methyl-19-norcoprost-9(10)-ene (30%), prepared from the 
foregoing compound, crystallised in tiny plates, m. p. 197°, [«]#f —103° (c, 1-84), from acetone 
(Found: C, 63-8; H, 7-5. C,,H,;,0,I requires C, 64-1; H, 76%). It gave Westphalen’s diol 
on saponification. 

The authors thank the Directors of The British Drug Houses, Ltd., for encouraging this work. 
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421. Fused Carbon Rings. Part XX.* Experiments directed 
towards the Synthesis of Simple Pentalenes. 


By C. T. BLoop and R. P. LiInsTEap. 


Experiments have been made on the preparation of pentalene (I) and 
various simple derivatives from cis-octahydro-1 : 4-diketopentalene (II), 
the preparation of which has been improved. 2 : 5-Dibenzylideneoctahydro- 
1 : 4-diketopentalene (X) showed no tendency to isomerise to dibenzyldi- 
hydroxypentalene. Dibromo-octahydrodiketopentalene could not be de- 
hydrobrominated to dihydroxypentalene. Octahydrodiketopentalene was 
converted by a double Grignard reaction into 3: 6: 7: 8-tetrahydro-1 : 4- 
dimethylpentalene (XV), which has an unconjugated arrangement of double 
bonds. Various attempts to introduce two more double bonds into (XV) 
failed; these included disproportionation, dehydrogenation, and transfer 
dehydrogenation over catalysts. Negative results were also obtained from 
the route, (II) —— octahydro-1 : 4-dihydroxypentalene ——> tetrahydro- 
pentalene ——> pentalene. 


INTEREST has recently increased in pentalene (I), the unknown counterpart of naphthalene, 
composed of two five-membered rings. In 1936, Barrett and Linstead reported (J., 1936, 
611) that pentalene was not formed by treatment of cis-bicyclo[3 : 3 : Ojoctane (cis-octa- 
hydropentalene) under conventional dehydrogenating conditions. Neither could a 
benzylidenebicyclooctane be converted into benzylpentalene. The pentalene system 
thus showed a reluctance of formation in comparison with naphthalene. Since that time 
there has been a great expansion of “‘ non-benzenoid aromatic ’’ chemistry, particularly 
in the azulene and tropolone fields (see, ¢.g., Wilson Baker, /., 1945, 258; J. W. Cook 
and Loudon, Quart. Reviews, 1951, 5, 99, for reviews). 

Theoretical arguments have been advanced (Craig and Maccoll, J., 1949, 964; Brown, 
Trans. Faraday Soc., 1949, 45, 296; 1950, 46, 146) which predict a rather high resonance 
energy and a reasonable stability for pentalene.t 
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The present paper, and that which follows it, describe new attacks on the experimental 
problem. Three routes have been explored for the preparation of pentalene and its 
derivatives. The first started with octahydro-1 : 4-diketopentalene (II) and the second 
from its 2 : 5-diketo-isomeride (III). The third, the only one to be fully successful, was 
aimed at the preparation of 1 : 2-4: 5-dibenzopentalene (IV). This is described in the 
following paper. Of the two diketone routes, that from the 1 : 4-isomeride forms the 
subject of the present paper. The necessary intermediates for the 2 : 5-diketone proved 
far harder to prepare in quantity. The experiments in this direction are described 
separately (Blood, Cartwright, and Linstead, J., 1952, p. 2268). 

Octahydro-1 : 4-diketopentalene has been synthesised by Ruzicka, de Almeida, and 
Brack (Helv. Chim. Acta, 1934, 17, 183) from hexane-1 : 3 : 4 : 6-tetracarboxylic acid (V). 
Before examining their process, we studied three possible alternatives. Silberrad (/., 
1904, 85, 611) obtained (V) in very small yield from the product of the reaction of $-iodo- 
propionic ester with the sodio-compound of ethanetetracarboxylic ester. The difficulty 
in this process lies in the introduction of the second propionic residue and we have not been 


* Part XIX, /., 1940, 727. + But see Part XXI, p. 2266, footnote. 
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able to improve on Silberrad’s results. However, a possible new reagent for the conversion 
of ethanetetracarboxylic ester into the desired hexanetetracarboxylic acid was available 
in acrylonitrile, the route being : 


= ™ (CO,Et os fhisais a (CO,Et),C-CH,CH,CN CO,H-CH-CH,CH,CO,H 


ae — — 
H(CO,Et), (CO,Et),CH (CO,Et),C-CH,-CH,CN CO,H-CH-CH,-CH,CO,H 
(VI) (VII) (V) 


In practice, ethanetetracarboxylic ester reacted smoothly with only one mole of 
acrylonitrile in the presence of benzyltrimethylammonium hydroxide to give a compound, 
C,,H,,;0,N, the most obvious formulation for which is (VI). Attempts to obtain the 
further condensation product (VII) were fruitless. As Bruson has shown (‘‘ Organic 
Reactions,”’ Vol. V, p. 79) that acrylonitrile usually reacts with every carbon atom which 
holds an active hydrogen, the formation of (VI) is unexpected; it is possible that the sub- 
stance may have an isomeric, perhaps carbocyclic, structure. 

The addition of acrylonitrile to acetosuccinic ester was also examined as a route to (V). 
This failed, because with the use of a quaternary hydroxide as catalyst no addition occurred, 
whilst sodium ethoxide led to the production of a-acetyl-§-carbethoxy-y-methyl-Aé&- 
butenolide identical with that prepared by Knort’s method (Ber., 1889, 22, 158.) Finally, 
the elimination of halogen between two molecules of «-bromoglutaric ester was examined. 
The use of silver powder (cf. Hudson and Robinson, J., 1942, 691) on this gave largely a 
low-boiling mixture containing ethyl glutaconate together with a small yield of tetra-ester 
which was hydrolysed to trans-hexane-] : 3 : 4 : 6-tetracarboxylic acid. 

In view of these unpromising results we returned to the method of Ruzicka, de Almeida, 
and Brack (loc. cit.), which consists in the condensation of «-bromoglutaric ester with 
sodio-a«-cyanoglutaric ester to 3-cyanohexane-1 : 3 : 4 : 6-tetracarboxylic ester (VIII). 


CO,Et-CH,°CH,°C(CN)-CO,Et 
(VII) —_ (Vv) 
CO,Et-CH,°CH,°CH’CO,Et cis- and trans- 


The formation of (VIII) and its intermediates has been considerably improved in 
detail by methods described in the Experimental section. An attempt was made to cause 
acrylonitrile to react with one mole of cyanoacetic ester and thus obtain carbethoxy- 
glutaronitrile which could have been used in the place of cyanoglutaric ester in the Ruzicka 
synthesis. However, even in the presence of a large excess of cyanoacetic ester, two r-ols. 
of acrylonitrile reacted with the production of ethyl 1 : 3 : 5-tricyanopentane-3-carboxylate. 

Ruzicka et al. found that the cyanotetra-ester (VIII) on acid hydrolysis gave a mixture 
of a “trans ’’-hexane-l : 3: 4: 6-tetracarboxylic acid, m. p. 202—203°, and a “‘ cis’’- 
isomeride, isolated as a mixture with its anhydride. In our hands the trams-acid (to 
retain Ruzicka’s nomenclature—the configurations are not known with certainty) melted 
at 216—217° and the cis-acid was obtained in a homogeneous form, m. p. 167°. The 
lower-melting acid is readily converted into the ¢vans-isomeride by boiling hydrochloric 
acid. Both isomerides give crystalline tetramethyl esters, m. p.s 60° (cis) and 73° (trans). 
The cis- is inverted to the trans-ester by boiling methanolic sodium methoxide (cf. Hiickel 
and Goth, Ber., 1925, 58, 447; Linstead and Doering, J. Amer. Chem. Soc., 1942, 64, 
1992). No anhydride was obtained by the action of acetyl chloride, which inverted the 
cts- to the trans-acid. 


CO,H 
CO,H-CH-CH,CH,CO,H 
. ? ‘CH.-CH.7 > rd (IX) 
CO,H-CH,’CH,’CH’CO,H CO,H’‘CH,CH,’ oO 
A number of methods were examined for the conversion of the hexane-1 : 3 : 4: 6- 
tetracarboxylic acids or esters into bicyclooctane derivatives. When the cis-acid was heated 


with a little baryta it decomposed smoothly into $-2-carboxy-5-ketocyclopentylpropionic 
acid (IX). The trans-acid gave the same product, but at a rather higher temperature. 
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Various attempts to close the second ring at higher temperatures were unsuccessful. 
This was a little surprising as both stereoisomeric forms of the deoxo-compound corre- 
sponding to (IX) yield octahydro-l-ketopentalene without difficulty (A. H. Cook and 
Linstead, J., 1934, 946). The dimethyl ester of (IX) gave complex products under the 
Dieckmann conditions. In spite of this the solid tetramethyl esters of both the acids (V) 
gave the same crystalline octahydrodiketopentalenedicarboxylic ester by a double Dieck- 
mann condensation. The yield of bicyclic material (60%) was the same from both the cis- 
and the trans-ester, and better than that obtained by the previous workers using the ethyl 
esters. On hydrolysis, the diketo-diester gave octahydro-1 : 4-diketopentalene (II), m. p. 
46°, identical with that reported by Ruzicka et al. 

The structure of the diketone (II) has been clearly shown by Ruzicka ef al.; we can 
add the following supporting evidence : (a) There is no ultra-violet absorption band in the 
spectrum above 200 mz; (b) no hydrogenation occurs over palladised charcoal; (c) there 
is no colour with ferric chloride. Hence there is no tendency for the formation of a con- 
jugated di-enol. Cook and Linstead (loc. cit.) have shown that the octahydro-1-keto- 
pentalene made through the Dieckmann procedure from both cis- and trans-$-2-carboxy- 
cyclopentylpropionic esters has the stable cis-locking of the rings. There is no reason to 
suppose that the present diketone will not have the.same steric arrangement. It follows 
that all the hydropentalene derivatives described in the present paper (with the obvious 
exception of those with bridgehead double bonds) will have the cis-configuration. 

As observed by Ruzicka e¢ al., the diketone gives a dibenzylidene derivative. The 
light absorption of this compound (Amax. 320 my; ¢ 43,000) is more intense and at longer 
wave-length than might have been expected for the straight-forward structure (X). 


co OH 
\ 


\Z\ 
* = = > CH= S= 
(x) PhCH (O- h Ph-CH Ol >=curn (XI) 
‘0 


OH 


Nevertheless, the other properties of the substance agree with formula (X) rather than with 
a more conjugated dienolic structure such as (XI). Thus, the light absorption is in- 
dependent of the solvent used; no reaction occurs with phenyl! isocyanate; two ethylenic 
double bonds are indicated by catalytic hydrogenation, and two ketone groups by the 
formation of a dioxime. The dibenzylidene compound thus shows no apparent tendency 
to isomerise, for example into a dibenzyldihydroxypentalene. 

Experiments on the Formation of Pentalenes from the Diketone (I1).—(a) Approaches to 
dihydroxypentalene. Octahydro-1 : 4-diketopentalene (II) reacted smoothly at room 
temperature with bromine in acetic acid to yield a dibromo-derivative, presumably (X11). 
Dehydrobromination of this to the corresponding unsaturated diketone (XIII) was ex- 
amined in some detail, because this product would have been the keto-form of 1 : 4- 
dihydroxypentalene (XIV; R= OH). The dibromo-ketone melted with decomposition 
at 144° but was stable below that temperature: its solution in boiling xylene did not 
evolve hydrogen bromide and it could be sublimed without decomposition at 130—140°/0-2 
mm. Thermal decomposition at 145°/760 mm. yielded hydrogen bromide and an un- 
saturated product which at once polymerised to a dark non-volatile material. Bromide 
ion was immediately liberated by the action of dilute alkali on the bromo-ketone and by 
its interaction with triethylamine in dry organic solvents. Again, only polymeric products 
could be recovered from the dehydrobrominated material and these failed to yield semi- 
carbazones. Somewhat more promising results were obtained by reaction of the bromo- 
ketone with silver acetate, as the dehydrobrominated material was then partly volatile 
in a high vacuum. The oil so obtained was unsaturated and ketonic but the yield was 
very poor and the product was so unstable that further experiments on it were abandoned. 
It may well have contained the desired unsaturated diketone (XIII). Corresponding 
experiments using N-bromosuccinimide as the brominating agent led to a ready reaction, 
but in this case the dibromo-ketone could not be isolated. It lost hydrogen bromide 
spontaneously leaving a dark viscous mass. 
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(6) Tetrahydrodimethylpentalene. Reaction of octahydro-1 : 4-diketopentalene (II) 
with Grignard reagents yielded ditertiary alcohols which were easily dehydrated to the 
corresponding substituted tetrahydropentalenes. Preliminary experiments with methyl- 
magnesium iodide and phenylmagnesium bromide showed that the former was the pre- 
ferable reagent; it yielded 3:6: 7: 8-tetrahydro-l : 4-dimethylpentalene (XV). The 
structure of this was shown by analysis and by catalytic hydrogenation. The two double 
bonds were placed in the unconjugated (1 : 4) position rather than between the 1—7 and 
4—8 carbon atoms because there was no ultra-violet light absorption at above 200 my and 
no exaltation of the molecular refractivity. The non-formation of the conjugated AX:4®. 
hydrocarbon is understandable, as the bridgehead double bonds would strain the molecule 
and this might well outweigh the stabilisation by conjugation. 
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A study was next made of the possible disproportionation and dehydrogenation of 
tetrahydro-1 : 4-dimethylpentalene to 1 : 4-dimethylpentalene (XIV; R = Me), control 
experiments being carried out on tetralin and cyclohexene. These are summarised below 
in the order of increasing severity of the conditions. 

(i) cycloHexene disproportionates smoothly into benzene and cyclohexane over palladium 
black in boiling tetrahydrofuran (Linstead, Braude, and Mitchell, unpublished). Tetra- 
hydrodimethylpentalene was unchanged under the same conditions. (ii) Tetralin transfers 
its four surplus hydrogen atoms to p-nitrotoluene over palladium (Linstead, Braude, and 
Wooldridge, unpublished). This reaction is appreciable in boiling anisole (154°) and fast 
in boiling decalin (186°), #-toluidine being produced. No detectable amount of #-toluidine 
was formed in either solvent when tetrahydrodimethylpentalene was tried as hydrogen 
donor. (iii) No measurable amount of hydrogen was evolved when tetrahydrodimethyl- 
pentalene was boiled over palladised charcoal under atmospheric pressure (160°) in a stream 
of carbon dioxide ; the diene was recovered unchanged. The general technique of Linstead, 
Millidge, Thomas, and Walpole (J., 1937, 1146) was used and it was shown that boiling 
tetralin was readily dehydrogenated over the same catalyst. (iv) Tetrahydrodimethyl- 
pentalene was recovered unchanged when it was passed in a stream of nitrogen over 
palladised charcoal at 350°. Tetralin yielded naphthalene under the same conditions. 


OH 


A Y ” 
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(c) Tetrahydropentalene. Octahydro-1 : 4-diketopentalene readily took up 2 mols. of 
hydrogen over Raney nickel. The dihydroxy-compound (XVII) was isolated as a non- 
crystalline glass and was presumably a mixture of stereoisomerides. A similar product 
was obtained by means of lithium aluminium hydride. It yielded an amorphous mixture 
of ditoluene-p-sulphonyl derivatives, only one stereoisomeride being obtained crystalline 
by an indirect method (see Experimental). Reaction of the crude toluene-f-sulphonyl 
derivative with aqueous alkali yielded a steam-volatile oil which was largely composed of 
tetrahydropentalene (XVIII or isomeride). The material distilled at room temperature 
under 0-2 mm. but was not analytically pure, and refractionation over sodium led to 
much decomposition. Its general properties were those of a rather unstable diene and it 
showed a distinct band at 242 my. From this it is concluded that it contained some of 
the strained conjugated A:4®) diene (XVIII). An attempt was made to convert the 
diene into pentalene by bromination (at the 2 and 5 carbon atoms) with N-bromosuccin- 
imide followed by Hofmann degradation. Distillation of the bis-quaternary hydroxide 
obtained in this series of reactions gave a tar and no volatile hydrocarbon. 
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These results indicate that it is difficult (or perhaps impossible) to prepare simple 
pentalenes under conditions which permit of their continued existence. The significance 
of this is discussed in the next paper. 


EXPERIMENTAL 


Miscellaneous Attempts to synthesise Hexane-1: 3:4: 6-tetracarboxylic Acid.—(a) A 
solution of tetraethyl ethanetetracarboxylate (10 g.) in dioxan (25 ml.) was treated succes- 
sively with 2 ml. of “‘ Triton B”’ (30% w/w benzyltrimethylammonium hydroxide in water) 
and acrylonitrile (5 ml.). The mixture was warmed to 55—60° and shaken at intervals. After 
5 hours, the mixture was acidified, the solvent removed under reduced pressure, and the product 
isolated by means of ether. Vacuum-distillation yielded 9 g. (77%) of tetraethyl 4-cyanobutane- 
1:1: 2: 2-tetracarboxylate (V1), b. p. 165—170°/0-01 mm., n}f 1-4531 (Found: C, 55-1; H, 6-8; 
N, 4:1. C,,H,,O,N requires C, 55-0; H, 6-8; N, 3-8%). The compound was recovered 
unchanged after 4 hours’ heating at 100° with more acrylonitrile and catalyst. 

(b) Diethyl diacetosuccinate was warmed with acrylonitrile (2 mols.) and sodium ethoxide 
in a similar manner to the above. The crystalline product was identified as «-acetyl-f- 
carbethoxy~y-methyl-Af-butenolide by m. p. (106°) and mixed m. p. “ Triton B” was in- 
effective as catalyst. 

(c) A mixture of diethyl a-bromoglutarate (50 g.) and silver powder (25 g.) was stirred 
vigorously at 150—160° for 3 hours. The cold product was filtered and the solid washed with 
ether. The combined filtrates, freed from ether and distilled, yielded a mixture containing 
diethyl glutaconate (10 g.), unchanged bromoglutaric ester (19 g.), and 8 g. of a fraction, b. p. 
170—200°/0-15 mm. _ Redistillation followed by acid hydrolysis gave a small quantity of 
trans-hexane-1 : 3 : 4 : 6-tetracarboxylic acid, m. p. 214—216°. 

Octahydro-1 : 4-diketopentalene.—Condensation of diethyl «a-cyanoglutavate and _ diethyl 
a-bromoglutarate. Diethyl «-cyanoglutarate (230 g.; Koelsch, J. Amer. Chem. Soc., 1943, 65, 
2458) was added to a solution of sodium (26 g.) in dry ethanol (600 ml.); the resulting solution 
of sodio-derivative was evaporated in a vacuum, leaving a yellow-brown syrup. Diethyl 
a-bromoglutarate (314 g.; Schwenk and Papa, ibid., 1949, 70, 3626) was added to the residue, 
and the mixture was warmed until it became homogeneous. Sodium bromide soon separated ; 
the suspension was heated on the steam-bath for a further 3 hours. The mixture was diluted 
with water, the liquid was made just acid with sulphuric acid, and the oil taken up in ether. 
The ethereal solution was washed with water, dried (CaCl,), and distilled. The yield of tetra- 
ethyl 3-cyanohexane-1 : 3 : 4: 6-tetracarboxylate was 74% (320 g.), and the b. p. 205—210°/0-05 
mm. 

cis- and trans-Hexane-1 : 3: 4: 6-tetracarboxylic acids. Tetraethyl 3-cyanohexane-1 : 3: 4: 6- 
tetracarboxylate (320 g.) was hydrolysed by boiling it under reflux with hydrochloric acid (600 
ml. of d 1-18 and’ 350 ml. of water) for about 18 hours (Ruzicka et al., loc. cit.). The solution 
obtained was concentrated to a small bulk, and the solid which separated was crystallised from 
water to give trans-hexane-1 : 3: 4: 6-tetracarboxylic acid, m. p. 216—217° (Found: C, 46-1; 
H, 5-4%; equiv., 67-4. C,,H,,O, requires C, 46-15; H, 54%; equiv., 65-5). The combined 
mother-liquors were continuously extracted with ether, and the extract was crystallised from 
acetic acid—chloroform, giving the cis-acid, m. p. 167° (Found: C, 46-0; H, 56%; equiv., 
68-6). The total yield was 48% (40 g. of trans- and 60 g. of cis-acid). 

The cis-acid (0-3 g.) was boiled under reflux with hydrochloric acid (10 ml. of d 1-18 and 10 
ml. of water) for 24 hours. The solution was evaporated to dryness, and the residue crystallised 
from water, yielding the trvans-acid, m. p. and mixed m. p. 216° (50%, 0-15 g.). 

The trans-acid (40 g.), methanol (90 ml.), benzene (225 ml.), and concentrated sulphuric acid 
(30 ml.) were heated under reflux on the steam-bath for 24 hours. The mixture was diluted 
with water, the aqueous layer extracted with ether, and the extract added to the benzene 
solution. The combined solution was washed with water, dried (CaCl,), and evaporated. The 
solid ester produced upon scratching of the residual oil was crystallised from light petroleum 
(b. p. 60—80°), giving trans-tetramethyl hexane-1 : 3: 4: 6-tetracarboxylate, m. p. 73° (91%, 
44 g.) (Found: C, 52-9; H, 6-9. C,,H,,O, requires C, 52-8; H, 7-0%). The cis-ester, m. p. 
60°, was obtained in identical yield in the same way (Found : C, 52-5; H, 7-0%). 

cis-Octahydro-1 : 4-diketopentalene (cf. Ruzicka et al., loc. cit.).—A solution of the foregoing 
cis-tetramethy] ester (65 g.) in warm benzene (75 ml.) was added to molecular sodium (13-5 g.) 
covered with benzene (25 ml.). Dry methanol (0-5 ml.) was added, and the mixture was warmed 
under reflux until the sodium began to dissolve vigorously; cooling was sometimes necessary 
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to control the reaction, but a rapid and vigorous dissolution of the sodium was essential for a 
high yield. After a further 1-5 hours under reflux the mixture was treated with excess of ice 
and dilute sulphuric acid under nitrogen and shaken vigorously until all the sodium had been 
destroyed. The aqueous layer was separated and extracted with ether; the combined extracts 
and the benzene solution were washed once with sodium hydrogen carbonate solution. The 
solution was extracted with successive small portions of 2N-sodium carbonate solution (15 x 100 
ml.) ; the alkaline extracts were acidified immediately, and the precipitated keto-ester was taken 
up in ether again. The keto-ester solution was washed once with sodium hydrogen carbonate 
solution, and then dried (CaCl,); on evaporation the solution yielded nearly pure dimethyl 
cis-octahydro-1| : 4-diketopentalene-2 : 5-dicarboxylate (31 g., 60%). It crystallised from methanol 
in white needles, m. p. 91° (Found: C, 56-4; H, 5-6. C,.H,,O, requires C, 56-7%; H, 5-6%). 

The keto-ester was warmed with hydrochloric acid (75 ml. of d 1-18 and 45 ml. of water) 
until dissolved. The warm solution of keto-acid was shaken vigorously until decarboxylation 
had ceased (about 1 hour). The pH of the liquid was brought to 9, and the diketone was 
extracted continuously with ether. Distillation of the extract yielded cis-octahydro-1 : 4- 
diketopentalene (12-6 g., 75% based upon keto-ester), b. p. 86—88°/0-2 mm., m. p. 46—46-5°. 
Ruzicka et al. (loc. cit.) quote b. p. 86—88°/0-2 mm. and m. p. 45° (Found: C, 69-7; H, 7-1. 
Calc. for CgH,,0,: C, 69-5; H, 7:2%). 

An identical yield of diketone was obtained from the tvans-tetramethy] ester of (V). 

A solution of diketone in ethanol showed no appreciable ultra-violet absorption at A greater 
than 200 my. No colour was given by the compound with ferric chloride solution. The 
diketone was not reduced over a 20% palladium-—charcoal catalyst which was active for double 
bonds, but not keto-groups. 

Bromine (1-9 g., 2 mols.) was added in acetic acid solution (3 ml.) to a solution of octahydro- 
1 : 4-diketopentalene (0-8 g.) in acetic acid (8 ml.). The solution was kept under a strong light 
for 15 minutes; the crystalline precipitate was filtered off, and washed with benzene; further 
material was obtained from the mother-liquor on concentration in vacuum. 2: 5-Dibromo- 
octahydro-| : 4-diketopentalene was crystallised from glacial acetic acid, then having m. p. 144° 
(decomp.) (yield: 1-2 g.) (Found: C, 32-5; H, 2-9; Br, 54:1. C,H,O,Br, requires C, 32-4; 
H, 2-7; Br, 54-1%). 

The dibromo-diketone was stable in boiling xylene solution; it could be sublimed unchanged 
in a vacuum at temperatures below the m. p. (e.g., 130—140°/0-2 mm.). It dissolved rapidly 
in sodium hydroxide solution giving a deep brown solution containing bromide ion; no semi- 
carbazone was given by this solution after neutralisation with acetic acid. 

Attempted Dehydrobromination of 2: 5-Dibromo-octahydro-1 : 4-diketopentalene.—With tri- 
ethylamine. The dibromo-diketone (100 mg.) was added to a solution of triethylamine (200 
mg.) in dry benzene (3 ml.) and ether (2 ml.); the mixture was warmed to 40°. The bromo- 
compound dissolved and a brown precipitate then separated rapidly. The mixture was heated 
on the steam-bath for $ hour, and the precipitate filtered off. Evaporation of the filtrate left 
no residue. The precipitate was insoluble in sodium acetate solution, 40% sodium hydroxide 
solution, and organic solvents, and was not volatile in high vacuum. 

With silver acetate. A solution of 2: 5-dibromo-ketone (0-9 g.) in dry benzene (25 ml.) was 
boiled under reflux in the dark for 2 hours with silver acetate (2-0 g.). The mixture was filtered 
hot, and the residue of silver bromide and silver acetate washed with hot acetone. Upon 
evaporation of the combined washings and mother-liquor in a vacuum a brown gum was 
obtained ; it did not decolorise a solution of bromine in chloroform. 

The product was distilled slowly at 100°/10-* mm.; a small quantity of colourless sticky 
crystals was obtained. These softened at 90—95° and melted with decomposition at 115— 
116°. This substance rapidly reduced alkaline permanganate solution, but did not decolorise 
a solution of bromine in chloroform; it gave a very insoluble, dark red-brown 2 : 4-dinitro- 
phenylhydrazone. The sticky product rapidly decomposed to a brown gum. 

cis-3 : 6: 7: 8-Tetrahydro-| : 4-dimethylpentalene.—Octahydro-1 : 4-diketopentalene (11 g.), 
dissolved in ether (150 ml.), was added to a stirred solution of methylmagnesium iodide (78 g.) 
in ether (200 ml.). After 1 hour the mixture was poured into ice and dilute hydrochloric acid, 
and the traces of magnesium remaining were filtered off. The ethereal layer was separated, 
and the aqueous layer was extracted continuously with ether. Oxalic acid (25 g.) was added to 
the ethereal extracts, and the solvent was distilled away in steam (carrying some diene with it). 
Steam-distillation of the residue was continued, the concentration of oxalic acid in the solution 
being maintained at 40—50%, until no more volatile oil distilled. The combined distillates 
were continuously extracted with a small quantity of ether (20 ml.). The ether was distilled 
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from the dried extract through a column, and the residual oil was distilled in vacuum, yielding 
2-7 g. of pale yellow oil with a terpene-like odour, b. p. 94—102°/65 mm., n? 1-482. The product 
was found to contain a trace of ether by elementary analysis. Pure 3: 6: 7: 8-tetrahydro-1 : 4- 
dimethylpentalene was obtained by redistillation at atmospheric pressure over sodium, but 
considerable loss was incurred during this process; it had b. p. 160°/760 mm., nf? 1-490, da? 
0-9280, [R,)p 41-8 (Calc. : 43-0) (Found: C, 89-0; H, 10-4. C,).H,, requires C, 89-5; H, 10-5%). 
The diene (48 mg.) in ethanol (5 ml.) was hydrogenated in the presence of 20% palladium 
charcoal; 2-0 mols. of hydrogen (16-3 ml.) were absorbed. 

Attempted Disproportionation of Tetrahydrodimethylpentalene.—The diene (330 mg.) was 
boiled under reflux with palladium-black catalyst (10 mg.; Wieland, Ber., 1912, 45, 484) in 
tetrahydrofuran (25 ml.). Aliquot parts (5 ml.) were removed at intervals, and unchanged 
diene was estimated by hydrogenation as described above. No change in hydrogen uptake was 
found after 24 hours’ heating. A sample of the mixture was also examined spectroscopically : 
no appreciable ultra-violet light absorption was detected. A control experiment was carried 
out with the same catalyst and solvent and cyclohexene instead of tetrahydrodimethylpentalene ; 
disproportionation to cyclohexane and benzene was almost complete after 6 hours. 

Attempted Dehydrogenation.—(a) (i) The apparatus and procedure followed that used by 
Linstead, Millidge, Thomas, and Walpole (loc. cit., p. 1153). The catalyst used was 20% 
palladised charcoal made by reduction of palladium chloride with hydrazine at —5° (Cheronis 
and Levin, ]. Chem. Educ., 1944, 21, 606) which was shown to bring about the dehydrogenation 
of boiling tetralin. 

(ii) With tetrahydrodimethylpentalene. 130 Mg. of the diene evolved no significant volume 
of gas during 3 hours’ heating at 170° with 10 mg. of palladised charcoal. The product was 
slightly brown, but the dimethyldiene was recovered unchanged with small loss on redistillation. 

(b) Vapour-phase method. (i) The reaction tube, 25 cm. long and of 1-2 cm. internal diameter, 
was packed with 20% palladised charcoal supported on asbestos. Clumps of catalyst were 
separated by glass tubing to prevent choking. After being packed, the tube was sealed to a 
volatilization tube fitted with a fused-on capillary and dropping funnel. The reaction tube 
was heated to 350° (+ 10°) by means of a tubular electric furnace. The other end of the 
reaction tube was fused to a receiving U-tube. The catalyst was first dried in the furnace in a 
stream of nitrogen under 20 mm. pressure. The receiver was then cooled in solid carbon dioxide- 
alcohol and a weighed quantity of the material to be dehydrogenated was drawn into the vola- 
tilization vessel through the funnel and capillary. The substance was then vaporized in a 
stream of nitrogen at 20 mm. 

In this apparatus tetralin at 350° gave in one pass a mixture from which naphthalene picrate 
(m. p. 150°) could be isolated in an overall yield of 60%. 

(ii) With tetrahydrodimethylpentalene. The product in the receiver was a pale yellow oil; 
after one distillation it had the refractive index and other properties of the dimethyldiene. 
Recovery of unchanged material was almost quantitative. After use with tetrahydrodimethyl- 
pentalene the catalyst was still active towards tetralin. 

(c) Attempted hydrogen transfer. The general technique of Linstead, Braude, Mitchell, 
Wooldridge, and Jackman was used (Nature, 1952, 169, 100). Tetrahydrodimethylpentalene 
was boiled under reflux with p-nitrotoluene (as hydrogen acceptor) and palladium black, anisole 
and decalin being used as solvents. No p-toluidine (azo-dye formation) was formed in either 
solvent. Tetralin readily transferred hydrogen to p-nitrotoluene under the same conditions. 

Octahydro-| : 4-dihydroxypentalene.—Octahydro-1 : 4-diketopentalene (6-1 g.) in ethanol 
(100 ml.) containing 2 drops of 25% sodium hydroxide solution was hydrogenated at atmospheric 
pressure with freshly prepared Raney nickel catalyst (400 mg.). The theoretical volume of 
hydrogen (2 mols., 2 1.) was absorbed during 24 hours. The solution, filtered from catalyst, 
was acidified with hydrochloric acid and evaporated in a vacuum. The product was a glassy 
solid which could not be crystallised. 

Ditoluene-p-sulphonyl derivative. The crude product from the previous experiment in 
pyridine (10 ml.) was left overnight at 0° with toluene-p-sulphonyl chloride (17 g.). Ice was 
added to the mixture, which was then extracted with chloroform. The extract was washed 
with dilute sulphuric acid and dried (CaCl,); on evaporation the solution left a brown gum 
which did not crystallise. The crude material was distilled in steam with 30% (w/w) potassium 
hydroxide solution (45 g.), the concentration of alkali being maintained. During 3 hours traces 
of volatile oil were carried over. The steam-distillate was extracted continuously with ether 
(20 ml.). The extract was dried (CaCl,), and the ether distilled off through a column. The 
residual strong-smelling oil decomposed upon boiling under atmospheric pressure, but could be 
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distilled at room temperature and 0-2 mm. pressure, the distillate being collected in a U-tube 
surrounded by a bath of solid carbon dioxide—alcohol. The colourless distillate was redistilled 
in the same way over sodium, but much decomposition took place. The product reduced 
alkaline permanganate solution and decolorised bromine solution in chloroform. Both catalytic 
hydrogenation and elementary analysis indicated the presence of some oxygenated impurity, 
probably ether. The yield of redistilled material was 0-7 g. 

The residue from the steam-distillation was diluted with water, and organic matter was 
extracted with ether. The extract gave a sticky solid upon evaporation; this slowly solidified. 
The product, which contained sulphur, crystallised from ethanol as colourless leaflets, m. p. 
110° (Found: C, 59-0; H, 5-9. C,.H,,0,S, requires C, 58-7; H, 5°8%). The substance was 
apparently unreacted octahydro-1 : 4-dihydroxypentalene ditoluene-p-sulphonate. 

A small quantity of unsaturated oil, apparently identical with the product from the toluene- 
sulphonate and potassium hydroxide, was obtained by heating the diol with oxalic acid. 

Attempted Formation of Pentalene from Tetrahydropentalene.—Impure tetrahydropentalene 
(0-6 g.), prepared from the toluenesulphonate, was boiled under reflux with N-bromosuccinimide 
(3-0 g.) and a trace of benzoyl peroxide in carbon tetrachloride (20 ml.)._ After 3 hours reaction 
appeared to be complete ; the mixture was cooled, and the solution was filtered from succinimide 
and evaporated in a vacuum at 40°. The crude bromo-compound was dissolved in 20% di- 
methylamine—benzene solution (20 ml.) and the solution was kept at 5° for 3 days. The deep 
brown product was concentrated in a vacuum; ether was added, and the solution was extracted 
with dilute hydrochloric acid. The acid extract was made alkaline, and the basic material 
taken up in ether again. The ethereal solution was evaporated, and the residue dried in a 
vacuum. The crude tertiary base was boiled under reflux with methyl iodide (2 ml.) for 20 min., 
and the excess of iodide was then distilled off in vacuum. The residue was dissolved in water 
(5 ml.); the solution was warmed with silver oxide (2 g.) for 1 hour on the steam-bath whilst 
being shaken at intervals. The suspension was filtered, and the filtrate was evaporated in a 
vacuum. The residue was distilled as completely as possible at 15 mm. pressure. A colourless 
liquid with a strong basic odour distilled over, leaving a dark tarry residue. The distillate 
was miscible with water, and yielded trimethylamine picrate, m. p. 215° (lit., m. p. 215°), alone 
or mixed m. p. with authentic trimethylamine picrate. 


Analyses were carried out in the microanalytical laboratory (Mr. F. H. Oliver) and measure- 
ments of light absorption in the spectrographic laboratory (Mrs. A. L. Boston) of this Depart- 
ment. We are indebted to Dr. E. A. Braude for helpful discussion of the light-absorption data. 
Grateful acknowledgment is made to the Department of Scientific and Industrial Research for a 
maintenance grant (to C. T. B.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, LONDON, S.W.7. (Received, January 22nd, 1952. 





(1952) Blood and Linstead. 


422. Fused Carbon Rings. Part XXI.* Dibenzopentalene.t 


By C. T. Bioop and R. P. LinstEeap. 


Catalytic dehydrogenation of 3:6: 7: 8-tetrahydro-1 : 2-4: 5-dibenzo- 
pentalene (III) yielded 3 : 6-dihydrodibenzopentalene (IT) and could not be 
taken further. Hydrogen reacted with dichlorodibenzopentalene (V; R 
Cl) over metallic catalysts to give tetrahydro- or dihydro-dibenzopentalene 
according to the conditions. The dibromide of the dihydro-compound 
reacted with silver acetate to yield dibenzopentalene ¢ (I). The structure 
of this was established by catalytic hydrogenation to its tetrahydride, 
reduction with sodium amalgam to its dihydride, and by oxidation to benzil- 
2 : 2’-dicarboxylic acid. 

Dibenzopentalene behaves as a conjugated diene, the pentalene system 
showing no aromatic stability. Light-absorption data are given. The 
results and those of Part XX are discussed in the light of theoretical pre- 
dictions. 


TuHIs paper describes the synthesis and properties of 1 : 2-4: 5-dibenzopentalene (I).t 
Compounds derived from this parent substance have been extensively investigated by 
Brand and his collaborators (Ber., 1912, 45, 3071; 1920, 53, 807; 1922, 55, 601; 1936, 69, 
2504; 1948, 81, 382; J. pr. Chem., 1925, 109, 353; 110,1). For the present purpose, their 
most important findings were that the long-known diketone (IV) (Roser, Annalen, 1888, 


on 


(I) (JIT) 

247, 153) could be converted into a 3 : 6-diphenyl- and a 3 : 6-dichloro-dibenzopentalene 
(V; R= PhandCl). The latter on reduction with zinc gave 3 : 6-dihydrodibenzopentalene 
(II). Brand’s structure for the dihydro-compound (II) has since been confirmed by 
Wawzonek (J. Amer. Chem. Soc., 1940, 62, 745). The dihydro-compound could be 
catalytically hydrogenated to tetrahydrodibenzopentalene (III), and its 3- and 6-methylene 
groups were reactive. Brand’s attempts to prepare dibenzopentalene itself were un- 
successful. 
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Our examination of the compounds of this group started with a study of the catalytic 
dehydrogenation of the tetrahydride (III). This was remarkably stable, but over palladised 
charcoal at 450° lost one mol. of hydrogen to yield 3 : 6-dihydrodibenzopentalene (11), 
identical with material prepared by Brand’s method. Contact with palladium at a higher 


* Part XX, preceding paper. 

+ Note on nomenclature. The tetracyclic compounds described in this paper are named as derivatives 
of pentalene to bring out the central structural feature and to simplify discussion. The preface | : 2- 
4 : 5- is omitted in the remainder of the introduction. Other naming systems are given below : 


Alternatives : (a) historical, (b) British modification of 
Present name Richter’s system, (c) Ring Index. 

(I) Dibenzopentalene. (a) Diphensuccindadien (Brand); (b) 1: 1’-didehydroindeno- 
(3’ : 2’-2.: 3)indene; (c) indeno[2 : 1-ajindene. 

(II) 3 : 6-Dihydrodibenzopentalene. (a) Diphensuccinden (Brand); (b) indeno(3’ : 2’-2: 3)indene; 
(c) 5: 10-dihydroindeno/2 : l-ajindene. 

(III) 3: 6: 7: 8-Tetrahydrodibenzo- (a) Diphensuccindan (Roser); (b) indano(2’: 1’-1 : 2)indane; 

pentalene. (c) 46: 5: 9b: 10-tetrahydroindeno!2 : 1-ajindene. 
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temperature led to gross decomposition. Dehydrogenation of the tetrahydride by sulphur 
was unsatisfactory. 

3 : 6-Dichlorodibenzopentalene (_V; R= Cl) reacted rapidly with hydrogen over 
Adams’s platinum or palladium black. Four mols. of hydrogen were taken up, corre- 
sponding to hydrogenolysis of the halogen atoms and reduction of the two double bonds, 
the tetrahydride (III) being isolated in good yield. There was no inflexion in the plot of 
hydrogen uptake against time, over these catalysts, but over Raney nickel hydrogenation of 
dichlorodibenzopentalene slowed somewhat after about 2-5 mols. had been absorbed. 
The product of hydrogenations interrupted at this point was a mixture of starting material 
and 3 : 6-dihydrodibenzopentalene (II). The slowing of the reaction over Raney nickel 
seems to be due to the hydrogen chloride eliminated, because in the presence of ammonia 
there is no inflexion and 4 mols. of hydrogen are steadily taken up. 

Brand observed that 3 : 6-dihydrodibenzopentalene (II) added bromine but that the 
product readily lost hydrogen bromide with polymerisation. This can largely be avoided 
by rapid fixation of any hydrogen bromide formed. When the bromine adduct of (II) 
(3 : 6-dihydrodibenzpentalene 7 : 8-dibromide) was heated in benzene solution with silver 
acetate a hydrocarbon C,,H,9 was formed in nearly 60% yield. This has been identified 
as 1: 2-4: 5-dibenzopentalene (1). It was accompanied by a small amount of 3: 6- 
dihydrodibenzopentalene, which could be separated chromatographically on alumina. 
Ultra-violet fluorescence was used as a control method, dibenzopentalene having a deep 
plum-coloured fluorescence in ultra-violet light, very different from the brilliant violet 
fluorescence of its dihydride. 

Dibenzopentalene crystallises in leaflets with a bronze lustre. It gives orange solutions 
and has a normal molecular weight in benzene solution. Further properties are given 
on p. 2267. 

The structure has been proved as follows : 

(i) Catalytic hydrogenation over palladised charcoal went readily at ordinary temper- 
ature and pressure, two mols. of hydrogen being taken up without inflexion. If the reaction 
mixture was shaken in contact with the catalyst and hydrogen for 2 days after absorption 
was complete the product was tetrahydrodibenzopentalene (III), m. p. 101°, identical in 
all respects with that obtained in other ways, e.g., by Clemmensen reduction of Roser’s 
diketone (IV) or by catalytic hydrogenation of dihydrodibenzopentalene (II). If, however, 
the final shaking with catalyst was omitted and the product was isolated as soon as hydrogen 
uptake had ceased, the tetrahydride was not homogeneous. Possibly the initial hydrogen- 
ation does not yield a stereochemically homogeneous product, but the period of shaking with 
catalyst permits of inversion so that a final stable product is formed. 

There is no evidence as to what effect, if any, the fused benzene rings will have on the 
relative stabilities of the cis- and the trans-[3 : 3: 0]-bicyclooctane system. It will be 
assumed that the normal factors operate (see Linstead, Ann. Reports, 1935, 32, 311, for a 
summary). cts-Configurations, are therefore, provisionally assigned to the stable 3 : 6: 7: 8- 
tetrahydrodibenzopentalenes derivatives described in this paper, including the hydro- 
carbon (III) of m. p. 101°, and Roser’s diketone. 

(ii) Reduction of dibenzopentalene with sodium amalgam in alcohol gave 3 : 6-dihydro- 
dibenzopentalene (II) in almost quantitative yield. 

(iii) Dibenzopentalene was very rapidly ozonised in ethyl acetate solution at —20°. 
The ozonide was decomposed with acetic acid and the product oxidised with alkaline per- 
manganate. This gave a 75% yield of benzil-2 : 2’-dicarboxylic acid. 

These results establish the structure of dibenzopentalene : moreover, the nature of the 
ozonisation product shows that main contributing canonical forms are benzenoid (such as 
I and VI) and not o-quinonoid (VII). 

Other features of the general chemistry of dibenzopentalene are: it is not soluble in 
orthophosphoric acid, unlike azulenes; no observable complex formation occurs with 
picric acid or with 3:4: 7-trinitrofluorenone; it is easily polymerised, for example, on 
attempted crystallisation from chloroform containing traces of hydrogen chloride; it 
readily reacts with bromine to give a golden-yellow crystalline addition compound, 
C,,H, 9Br,. The position of the bromine in this is not known. 
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Dibenzopentalene resembles cis-cis-1 : 4-diphenylbutadiene (VIII) in formal structure. 
There is, however, an important difference in light absorption in the ultra-violet region : 
diphenylbutadiene has one band at Amax. 299 my, with e 30,000, whereas dibenzopentalene 
has a more intense doublet in this region (Amax. 273, 281 mu; ¢ 61,000, 69,000) and a second 
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complex band system of longer wave-length rising tO Amax. 415 my, e 15,000. The 273 and 
the 281 band are assigned to the diaryldiene system in dibenzopentalene, and the long-wave 
band indicates the presence of a new chromophore. 

It has been pointed out to us by Dr. E. A. Braude that the longer-wave absorption of 
dibenzopentalene is intermediate in wave-length between those of anthracene and of tetra- 
cene, in keeping with the number of formal double bonds : 


(VI) 


Number of double bonds ) 
Anthracene 7 380 
Dibenzopentalene 8 415 
Tetracene i) 480 


Long-wave absorption was also shown by 3 : 6-dichlorodibenzopentalene, the spectrum 
of which had the following peaks : 


271 280 395 420 
44,000 41,000 16,000 19,000 


The light absorption of Roser’s diketone was also examined. This corresponded with 
the diketo-structure (IV) and even in the presence of alcoholic sodium ethoxide there was no 
spectroscopic evidence of the formation of a dienol (V ; R = OH) which would be a dibenzo- 
pentalenediol. 

Discussion.—The experimental evidence presented in this and the preceding paper 
can be summarised as follows: (1) Pentalenes, whether fused to benzene rings or not, are 
not formed from their hydrides by simple catalytic dehydrogenation procedures which 
lead to the formation of naphthalenes and azulenes. (2) Several conventional chemical 
dehydrogenation procedures are also unsuccessful, possibly because the pentalene system is 
not stable under the experimental conditions. (3) No evidence has been obtained for the 
formation of hydroxypentalene systems by the enolisation of isomeric ketones of appro- 
priate structure. (4) Dibenzopentalene is a highly reactive compound. It is very easily 
hydrogenated, and ozonised. Chemical reduction leads to 1 : 4-addition of hydrogen. It 
polymerises readily. 

The general chemistry of dibenzopentalene is clearly that of a conjugated diene. There 
is, as yet, no chemical evidence either from formation or reaction that the pentalene 
system has any special stability, certainly nothing which can be dignified by the term 
‘‘ aromatic.’’ Nevertheless, the long-wave absorption, at about 400—420 mu, of dibenzo- 
pentalene and its dichloro-derivative shows a significant difference from that of linear dienes 
with the same number of z-electrons and indicates some degree of resonance interaction in 
the excited state of the molecule. 

These results from the simple pentalene and dibenzopentalene systems should be com- 
pared with those from the monobenzopentalene field. A number of recent attempts to 
prepare 1 : 2-benzopentalene (cyclopentindene) by Baker and Jones (J., 1951, 787) and by 
Groves and Swan (J., 1951, 867) have been fruitless. Moreover, Dahn’s experiments (Helv. 
Chim. Acta, 1951, 34, 1087) failed to yield a benzopentalene under very mild conditions. 
Dahn concluded that this gave a strong indication that the pentalene system had little 
aromatic character. 


Theoretical calculations of the pentalene structure have led to expectations of a different 
7F 
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kind. Craig and Maccoll (J., 1949, 964) calculated that pentalene should possess a con- 
siderable resonance energy, about the same per z-electron as azulene and a little less than 
benzene. R. D. Brown (Trans. Faraday Soc., 1949, 45, 296; 1950, 46, 146) obtained 
results differing from those of Craig and Maccoll but also concluded that pentalene, once 
formed, would be a reasonably stable substance, although still reactive chemically. The 
resonance energy was calculated to be 37 kcals. Theoretical considerations also led to 
deductions that pentalene would resemble azulene in being a deeply coloured hydrocarbon. 

No final verdict is yet possible on the stability and aromatic character of the pentalene 
system. It is apparent that our new evidence agrees with and supplements earlier experi- 
mental results but does not fall into line with the theoretical predictions, although there is no 
flat contradiction. It appears that an additional factor, perhaps one of strain, has not 
sufficiently been allowed for in the quantum-mechanical calculations on pentalenes. It will 
be recalled that theoretical calculations supported an erroneous identification of Lothrop’s 
diphenylene with benzopentalene (Coulson, Nature, 1942, 150, 577). The diphenylene 
structure is now, however, conclusively established (Waser et al., J. Amer. Chem. Soc., 
1943, 65, 1451; 1944, 66, 2035; Baker, J., 1945, 266). 

In the present state of knowledge it is misleading to refer to the still unknown pentalene 
as a non-benzenoid aromatic hydrocarbon.* 


EXPERIMENTAL 

3:6: 7: 8-Tetrahydro-3 : 6-diketodibenzopentalene (IV). This was prepared by cyclisation of 
«$-diphenylsuccinic acid (Roser, Annalen, 1888, 247, 153). Light absorption in ethanol : 
Amax. 2450 and 2920 A; e 21,000 and 3,500, respectively ; light absorption in ethanol containing 
1% of sodium ethoxide : Amax, 2480 A; © 23,000. 

3:6: 7: 8-Tetrahydrodibenzopentalene (II1).—The diketone (4:5 g.) was reduced by the 
Clemmensen method with zinc amalgam (60 g.) and hydrochloric acid (100 ml. of d 1-18, plus 
50 ml. of water). The hydrocarbon, isolated in nearly pure condition by steam-distillation, had 
m. p. 100°. Recrystallised from ethanol, it formed white needles, m. p. 101°. Roser (loc. cit.) 
quotes m. p. 101°. 

Vapour-phase Dehydrogenation of the Tetrahydride.—The apparatus was as described in the 
preceding paper (p. 2255). The product was collected in a 100-ml. bulb filled with glass-wool to 
trap smoke. The reaction tube was surrounded by a tubular electric furnace by which the 
catalyst could be heated to 425—450°. 

The tetrahydride (1-9 g.) was volatilized in a nitrogen stream at 1 atm. pressure by means 
of external heating to 150°. The orange-brown product which collected in the bulb was steam- 
distilled to remove starting material (1-0 g.), and the residue was chromatographed in benzene 
on alumina. The principal substance present was 3: 6-dihydrodibenzopentalene (IT). In 
benzene solution it showed a strong violet fluorescence under ultra-violet light. It was sublimed 
at 140°/10 mm., and then crystallised from benzene and ethanol, being obtained in orange 
plates, m. p. 204—205° (0-6 g.) (Found : C, 94-0; H, 6-0. Cale. for C,,H,,: C, 94-1; H, 5-9%). 
It was identical with the dihydride prepared by Brand and Muller’s method (Ber., 1922, 55, 
601) (m. p. and mixed m. p. 204—205°). It gave a violet-black condensation product with 
p-nitrosodimethylaniline, m. p. 277°; Brand, Gabel, and Ott (Ber., 1936, 69, 2504) give m. p. 
277°. 

The ultra-violet light absorptions of 3 : 6-dihydrodibenzopentalene showed no unexpected 
features : Amax. 2370, 3080, 3150, and 3280 A: e 6000, 11,000, 13,000, and 8000. 

Hydrogenation of the dihydride in ethanol in the presence of 20% palladium—charcoal 
catalyst resulted in the uptake of 1-1 mols. of hydrogen during 40 minutes. The product was 
identified as the tetrahydride by m. p. and mixed m. p. (101°) with an authentic specimen pre- 
pared as above. 


* Since the above was written, three relevant papers have come to hand. In a further theoretical 
paper Craig (/., 1951, 3175) now concludes that pentalene would be expected to show marked unsatur- 
ation and not typically aromatic properties. Further approaches towards monobenzopentalene (cyclo- 
Pe have been described by Baker, Glockling, and McOmie (J., 1951, 3357). Thirdly, Pro- 
essor John D. Roberts has kindly sent me an account in advance of publication of his work with W. F. 
Gorham. Using different and elegant methods of approach, they have obtained results very similar 
to those described in Part XX. In brief, tetrahydropentalenes have been obtained which resist de- 
hydrogenation. These further results fall into line with those described in these papers, so that there 
is now a considerable bulk of experimental evidence pointing in the same direction, with which some 
of the predictions of theory are now not inconsistent. R.P.L. 
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Hydrogenation of 3: 6-Dichlorodibenzopentalene.—Dichlorodibenzopentalene was prepared 
by Wawzonek’s method (J. Amer. Chem. Soc., 1940, 62, 745). Ultra-violet light absorption : 
Amax. 2270, 2710, 2800, 3950, and 4200 A; ¢ 17,000, 44,000, 41,000, 16,000, and 19,000. 

Hydrogenation. (i) Over Adams’s platinum catalyst. The substance (100 mg.), dissolved in 
ethanol (80 ml.), was hydrogenated at room temperature and atmospheric pressure over 10 mg. 
of catalyst. The total absorption of hydrogen, completed in 20 minutes, was 4-4 mols. (36-4 ml.). 
The colourless solution yielded tetrahydrodibenzopentalene (60 mg.) on evaporation, identified 
as before. The plot of volume of hydrogen absorbed against time was a smooth curve showing 
no sharp change in slope. (ii) Over palladium-black catalyst a similar result was obtained, 
the rate of absorption of hydrogen being somewhat slower. (iii) Over Raney nickel (30 mg.) 
an inflexion was noted in the rate of hydrogen uptake after 2-5 mols. had been absorbed. A 
separate experiment over this catalyst was accordingly stopped at an uptake of 2 mols. of 
hydrogen. The product, a mixture of grey flakes and red needles, on fractional crystallisation 
from ethanol gave (from 100 mg. of dichloro-compound) 30 mg. of 3 : 6-dihydrodibenzopentalene, 
yellow flakes, m. p. and mixed m. p. 204—205°, and 40 mg. of unchanged dichlorodibenzopental- 
ene, red needles, m. p. and mixed m. p. 190—191°. A similar experiment over Raney nickel 
in the presence of ammonia solution (0-5 ml.; d 0-880) showed no inflexion and yielded the 
tetrahydride. 

1 : 2-4: 5-Dibenzopentalene.—Bromine (0-33 ml., 1 mol.) in carbon disulphide (7 ml.) was 
added dropwise during 1 minute to a solution of 3 : 6-dihydrodibenzopentalene (1-3 g.) in carbon 
disulphide (100 ml.) at 0°. A rapid stream of nitrogen was bubbled through the liquid until no 
more hydrogen bromide was evolved. The solvent was distilled off ina vacuum. The residue 
was dissolved in dry benzene (50 ml.), silver acetate (4 g.) was added, and the suspension was 
boiled under reflux for 2 hours. The liquid was filtered; after concentration under reduced 
pressure, the filtrate was chromatographed in benzene on alumina. Unchanged dihydride 
(0-1 g.) was obtained from the first eluate; the second and principal fraction (deep purplish- 
brown under ultra-violet illumination and pale orange-coloured in daylight) yielded 1 : 2-4: 5- 
dibenzopentalene upon evaporation in a vacuum. The compound crystallised from warm (not 
boiling) benzene solution as glistening bronze-coloured flakes (0-7 g., 59%) [Found: C, 95-0; 
H, 5-2; M (cryoscopic in benzene), 190. C,,H,. requires C, 95-0; H, 5-0%; M, 202). It had 
no definite m. p., but softened at 275—-280° and charred at higher temperatures. It was readily 
soluble in benzene and chloroform, moderately soluble in ethyl acetate, and slightly soluble in 
ethanol. Solutions of the substance precipitated an insoluble polymer upon being boiled, 
especially in the presence of traces of mineral acid. Ultra-violet absorption spectrum : Amax. 
2730, 2810, 3600, 3700, 3810, 3940, and 4150; e 61,000, 69,000, 4000, 6000, 6000, 12,000, and 
15,000. 

Dibenzopentalene gave neither a picrate in benzene nor a complex with 3: 4: 7-trinitro- 
fluorenone in acetic acid. It is insoluble in orthophosphoric acid but dissolves in concentrated 
sulphuric acid giving a green solution, the colour being destroyed on dilution with ice-water. 

Ozonolysis of dibenzopentalene. Ozonised oxygen was bubbled at —20° through a solution 
of the substance (110 mg.) in ethyl acetate (800 ml.) until the colour had been destroyed (4—5 
minutes). The ozonide obtained on vacuum-evaporation of the solution was decomposed by 
heating it with glacial acetic acid (50 ml.) on the steam-bath for 2 hours. The acetic acid was 
distilled off in a vacuum, water (10 ml.) and 2N-sodium hydroxide (5 ml.) were added to the 
residue, the suspension was warmed, and a slight excess of 5% potassium permanganate solution 
was added in small portions. The solution was filtered and concentrated; benzil-2 : 2’-di- 
carboxylic acid (125 mg., 75%) was precipitated on addition of excess of hydrochloric acid. 
The product, crystallised from acetic acid, was identical with an authentic specimen prepared 
by Graebe and Juillard’s method (Amnalen, 1887, 242, 221); m. p.and mixed m. p. 271°. The 
dimethyl ester, obtained by treatment with diazomethane, had m. p. 191°; Brand and Loehr 
(J. pr. Chem., 1925, 109, 353) give m. p. 191° for dimethyl benzil-2 : 2’-dicarboxylate. 

Reduction of dibenzopentalene with sodium amalgam. Dibenzopentalene (100 mg.) and 2% 
sodium amalgam (30 g.), suspended in ethanol (30 ml.), were shaken together vigorously for 
20 minutes. The colourless aqueous solution was decanted from mercury, neutralised, and 
evaporated. The solid product was washed with water and crystallised from ethanol, giving 
orange plates of dihydrodibenzopentalene (50 mg.), m. p. 204—205°, undepressed by addition of 
authentic material. 

Hydrogenation of dibenzopentalene. Dibenzopentalene (150 mg.), dissolved in ethyl acetate 
(120 ml.), was hydrogenated at atmospheric pressure and temperature, 20% palladium—charcoal 
catalyst being used. Two mols. (39-0 ml., 2-1 mols.) of hydrogen were absorbed during 2-5 
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hours. The colourless solution was shaken in an atmosphere of hydrogen with the catalyst 
still in suspension for a further 2 days. The solvent was distilled off in a vacuum at 40°, The 
residue was steam-distilled, and the volatile tetrahydrodibenzopentalene was crystallised from 
ethanol; m. p. 101° (yield : 120mg.). The m. p. was not depressed by admixture with authentic 
material. 

If the mixture was worked up immediately after absorption of hydrogen had ceased, the 
product was a white, steam-volatile solid of m. p. 89—91°, unchanged by admixture with 
authentic tetrahydrodibenzopentalene. 

Addition of bromine to dibenzopentalene. Bromine (1 mol.), diluted with chloroform, was 
added to a solution of dibenzopentalene (50 mg.) in chloroform (25 ml.). After 30 minutes, the 
solution was evaporated to dryness ina vacuum. The product was crystallised from benzene— 
ethyl acetate : yellow needles of the dibromo-compound (75 mg.) were obtained which had no 
definite m. p., but decomposed at ca. 240° (Found: Br, 44-2. C,H, Br, requires Br, 44-2%). 
Ultra-violet light absorption : Amax. 2560, 2640, 3050, 3140, and 3630 A; ¢ 35,000, 39,000, 5000, 
5000, and 5000. 

A solution of the substance in ethanol gave silver bromide with ethanolic silver nitrate only 
very slowly, even at the b. p. 


Analyses were carried out in the microanalytical laboratory (Mr. F. H. Oliver) and measure- 
ments of light absorption in the spectrographic laboratory (Mrs. A. L. Boston) of this department. 
We are indebted to Dr. E. A. Braude for helpful discussion of the spectroscopic data. Grateful 
acknowledgment is made to the Department of Scientific and Industrial Research for a main- 
tenance grant (to C. T. B.). 
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423. The Preparation of 4: 4'-Bistetrahydropyranyl and of 
Ethane-1 : 1: 2: 2-tetra-acetic Acid. 


By C. T. Bioop, N. J. CARTWRIGHT, and R. P. LINSTEAD. 


Six methods for the synthesis of ethane-1] : 1 : 2: 2-tetra-acetic acid (I) 
have been investigated. Of these, the only one successful was the oxidation 
of 4:4’-bistetrahydropyranyl (II). This compound was prepared by 
symmetrical anodic coupling of tetrahydropyran-4-carboxylic acid. 


Tue hitherto unknown ethane-l : 1 : 2: 2-tetra-acetic acid (88’-biscarboxymethyladipic 
acid) (I) was required as an intermediate in the possible synthesis of 1 : 4 : 7 : 8-tetrahydro- 
pentalene and thence of pentalene (see Blood and Linstead, J., 1952, 2255). A considerable 
number of synthetic methods were examined, of which only that involving tetrahydro- 
pyran intermediates was successful. This is described in suitable detail below. Five 
unsuccessful methods are briefly outlined. 

1. Successful Process.—By analogy with the preparation of glutaric acid itself from 
tetrahydropyran, it seemed possible that oxidation of 4: 4’-bistetrahydropyranyl (II) 
might yield ethane-1 : 1 : 2 : 2-tetra-acetic acid (I) : 

oe HN cy CH, _ COCHIN, ge HOO 
\CH, CH,“ CHy-CH,% CO,H-CH,/ \CH,-CO,H 

(II) (I) 

Moreover, an attractively simple route to 4: 4’-bistetrahydropyranyl was an anodic 
synthesis from the readily accessible tetrahydropyran-4-carboxylic acid (III). No previous 
study seems to have been made of the anodic behaviour of an acid of this type containing a 
carboxyl group directly attached to a reduced heterocyclic ring. A difficulty was clearly 
involved in the fact that the carboxyl group was attached to a doubly substituted carbon 
atom, an arrangement which is known to lead to side reactions (see, e.g., Petersen, 
Z. Elektrochem., 1906, 12, 141). 

The electrolysis of (III) was studied over a considerable range of experimental conditions 
and with cells of diverse design. The results are detailed in the Experimental section. 
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The best results were obtained with quite simple experimental procedures. Three main 
products were identified; there was also some low-boiling material, probably a mixture of 
hydrogenated monocyclic pyrans arising from disproportionation of the radical 
corresponding to (III). The main products were 4-hydroxytetrahydropyran (IV), 


4: 4’-bistetrahydropyranyl (II), and the ester (V) derived from the alcohol (IV) and the 
original acid. 


foe /CHy CH 
H-CO,H —» (Il) + O 
“\cH, CH _~ 
(IIT) 


The alcohol (IV), b. p. 91°/15 mm., was characterised as the p-nitrobenzoate, m. p. 
69°, and the 3 : 5-dinitrobenzoate, m. p. 161°. On oxidation with chromic acid it yielded 
tetrahydro-4-pyrone, the 2: 4-dinitrophenylhydrazone of which melted at 187°; and 
further oxidation with nitric acid gave 6-carboxymethoxypropionic acid, m. p. 95°. We 
were at some pains to prove the structure of the alcohol conclusively because of a 
discrepancy in the literature. Adkins and Mozingo (J. Amer. Chem. Soc., 1938, 60, 669; 
cf. Blanchard and Paul, Compt. rend., 1935, 200, 1414) reported a preparation of 4-hydroxy- 
tetrahydropyran by catalytic hydrogenation of 4-pyrone over Raney nickel. Their 
alcohol gave a 3: 5-dinitrobenzoate of m. p. 98—99°, for which no analytical data were 
given. J. W. Baker (J., 1944, 296) prepared the alcohol (IV) by a Prins reaction from 
propylene and paraformaldehyde. He gave m. p.s of 69° for the p-nitrobenzoate of the 
alcohol, 186—187° for the 2 : 4-dinitrophenylhydrazone of the derived ketone, and 97° for 
carboxymethoxypropionic acid (cf. Borsche, Ber., 1915, 48, 683, who gives m. p. 93—94°). 
Our data tally closely with those of Baker and we confirmed the identity of our materials 
with his by mixed melting-point determinations of the #-nitrobenzoates and 2: 4-di- 
nitrophenylhydrazones. The dinitrobenzoate reported by Adkins and Mozingo is clearly 
not that of 4-hydroxytetrahydropyran. 

The higher-boiling neutral products of the anodic reaction were separated by 
fractionation into bistetrahydropyrany] (II) and the ester (V). The dicylic ether, m. p. 67°, 
crystallised from the fraction of b. p. 125—135°/15 mm. It was readily soluble in organic 
solvents and was best purified by vacuum-sublimation. Its structure was proved as 
follows: Analysis corresponded to C,)H,,0,. The two oxygen atoms were not acidic or 
ketonic. Reaction with fuming hydrogen bromide yielded 1: 1 : 2 : 2-tetra-(2-bromo- 
ethyljethane (VI). This readily reacted with aliphatic amines in two ways, viz., with 

Br-CH,’CH,\ /CH,’CH,Br 
(I) —> >CH-CHC__ (VI) 
Br-CH,-CH,/ CH,CH,Br 


Y 
*Me,N-CH,'CH,\ coe H,’CH,\ __ ACH CH, 


DCH-CH: 4Br- +*Me,N \CH-CHS "ss *«‘SNMe,* 2Br- 
+Me,N-CH,CHy \CH,CH,"NMe,* HyC \CHyCHy 


(VII) (VIII) 


trimethylamine, to give the acyclic tetra-quaternary salt, ethane-] : 1 : 2 : 2-tetra(ethyl- 
2-trimethylammonium) tetrabromide (VII), but with dimethylamine to give the dipiperidyl 
derivative (VIII). The latter reaction proceeded under mild conditions and hence 
probably by cyclisation of an intermediate dibromo-diamine rather than by decomposition 
of a tetra-salt of the type of (VII). These interesting salts are very stable and do not melt 
below 360°. 

The formation of the tetrabromide (V1) indicates that the parent compound (II) contains 
two tetrahydropyran rings. In agreement with this, careful oxidation of (II) with nitric 
acid yielded a tetracarboxylic acid, CjgH,,0,, which gave a dianhydride, C,9H,,0,. To 
this we assign the ethanetetra-acetic acid structure (I). 
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The third product of the electrolysis was the ester (V). This was a viscous oil, b. p. 
164°/15 mm. Its structure was shown by hydrolysis to the component acid (III) and 
alcohol (IV). The formation of an alcohol and an ester, such as (IV) and (V), as anodic 
products has many precedents. 

2. Abortive Syntheses.—The yield of ethanetetra-acetic acid by the foregoing route was 
neither high nor consistent and a number of variations on the oxidation procedure failed to 
improve it. A search was accordingly made for an alternative synthesis. Methods 
examined were in brief : 

(i) The action of copper on $-iodoglutaric ester in the presence of glutaconic ester 
(cf. Faltis and Wagner, Annalen, 1923, 483, 109); this gave only glutaconic ester and no 
ethanetetra-acetic ester. 

(ii) The Harries method of reduction with aluminium amalgam was applied to ay-di- 
carboxyglutaconic ester, glutaconic ester, and glutacononitrile; all gave excellent yields 
of the corresponding glutaric acid derivatives and there was no appreciable formation of 
bimolecular material. 

(iii) If acetonedicarboxylic ester could undergo a reduction analogous to that by which 
acetone forms pinacol, a useful dihydroxy-derivative of ethanetetra-acetic ester would 
result; in practice, however, no bimolecular reduction product could be obtained by 
means of either aluminium amalgam or magnesium subiodide. 

(iv) A double Michael addition of two molecules of ethyl malonate to ethyl muconate 
would yield a product with the desired carbon skeleton, but no addition could be realised 
in the presence of a trace of sodium ethoxide or piperidine. With two mols. of ethyl 
sodiomalonate, muconic ester gave only Farmer’s compound (J., 1922, 121, 2017) which 
involves the addition of only one molecule of malonic ester. 

(v) The condensation of glyoxal with certain compounds containing active methylene 
groups was also examined without success. West (J. Amer. Chem. Soc., 1925, 47, 2780) 
has shown that glyoxal condenses with two mols. of acetoacetic ester. We obtained no 
useful condensation between glyoxal and malonic ester, or with cyanoacetamide, although 
monoaldehydes yield @-alkylglutaric acids through the use of this reagent (Day and Thorpe, 
J., 1920, 117, 1465). 

As there seemed no prospect that ethanetetra-acetic acid would become as available as 
the isomer, hexane-] : 3 : 4 : 6-tetracarboxylic acid, further work on its preparation was 
not pursued. 


EXPERIMENTAL 


1. Tetvahydropyran Series.—Diethyl tetrahydropyran-4 : 4-dicarboxylate was prepared by 
the following improvement of Kamm and Waldo’s process (J. Amer. Chem. Soc., 1921, 48, 2225). 
230 MI. of ethyl malonate were added during 15 minutes to a stirred solution of sodium (35 g.) 
in ethanol (375 ml.). 2: 2’-Dichlorodiethyl ether (180 ml.) was then added, and the mixture 
boiled under reflux for 24 hours. A further similar amount of sodium ethoxide solution was 
then added, after which refluxing was continued for another 48 hours. Most of the ethanol was 
then distilled off, water added, and the product isolated by means of ether. The extract was 
washed with dilute acid, and sodium hydrogen carbonate solution, then dried, and the ester 
distilled (yield : 225 g., 63%), b. p. 120—125°/4 mm. _ From this, tetrahydropyran-4-carboxylic 
acid was prepared (yield 85%) by Braun and Kohler’s method (Ber., 1917, 50, 1657). 

Electrolysis of tetrahydropyran-4-carboxylic acid. The preferred cell consisted of a simple 
water-cooled cylindrical vessel containing a cylindrical smooth platinum cathode and a spiral 
of platinum wire as anode. A layer of light petroleum (b. p. 60—80°) was used to cover the 
electrolyte. More complex cells with double compartments, mechanical stirring, and mercury 
cathodes gave no improvement. The chief factors affecting the formation of the desired 
bistetrahydropyranyl were current density at the anode, concentration, and proportion of alkali. 
The best results were obtained with c.d. 1 amp./cm.? and a charge of 60 g. of acid, 60 g. of water, 
and 4 g. of potassium hydroxide. Electrolysis was continued until the electrolyte became 
alkaline. The product was isolated by continuous extraction with ether, and fractionally 
distilled. Peak fractions boiled at 87—97°/15 mm. (A), 127—137°/15 mm. (B), and 164— 
170°/15 mm. (C). These yielded 4-hydroxytetrahydropyran (IV), 4: 4’-bistetrahydropyranyl 
(II), and the ester (V), respectively. The yields varied somewhat; that of pure bistetrahydro- 
pyranyl was usually 18—20%, and that of the two other products about the same. 
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Fraction A on redistillation gave 4-hydroxytetrahydropyran, b. p. 91—92°/15 mm., n} 
1-4581 (Found: C, 58-9; H, 9-75. Calc. for C,H,,O,: C, 58-8; H, 98%). The 3: 5-dinitro- 
benzoate separated from acetic acid in cream-coloured slender plates, m. p. 161° (Found: C, 
48-6; H, 4:0; N, 9-55. C,,H,,O,N, requires C, 48:7; H, 4:05; 9-5%). The p-nitrobenzoate, 
plates from light petroleum, melted at 68°, alone or mixed with a sample kindly supplied by 
Dr. J. W. Baker. On oxidation with aqueous chromium trioxide, the alcohol gave an 80% 
yield (by wt.) of tetrahydro-4-pyrone, b. p. 65°/15 mm.; its 2: 4dinitrophenylhydrazone 
formed orange plates (from ethanol), m. p. 187°, alone or in admixture with a sample from 
Dr. Baker. Oxidation of the alcohol (1 g.) with nitric acid (20 c.c. of 50%) yielded a solid, 
isolated by evaporation. On trituration and crystallisation from chloroform this gave 
§-carboxymethoxypropionic acid, rosettes of prisms, m. p. 95°. 

Fraction C on redistillation gave tetrahydro-4-pyranyl tetrahydropyran-4-carboxylate (V), 
b. p. 163—165°/15 mm., nF} 1-4690. This was saponified with an excess of boiling aqueous 
alkali and separated in the usual way into neutral and acidic products; the former was identified 
as 4-hydroxytetrahydropyran by means of the 3 : 5-dinitrobenzoate, m. p. 161°, and the latter 
crystallised from benzene-light petroleum in prisms, m. p. 87°, alone or in admixture with 
authentic tetrahydropyran-4-carboxylic acid. 

Fraction B slowly deposited crystals of 4 : 4’-bistetrahydro-4-pyranyl (II), which crystallised 
from water in transparent flat prisms, m. p. 67° (Found: C, 70-3; H, 10-0. C, .H,,O, requires 
C, 70-5; H, 10-1%). The compound sublimed at 80°/0-05 mm. in dense squat prisms. 

4: 4’-Bistetrahydropyranyl (7-0 g.) was heated in a sealed tube at 100° for 10 hours with 
hydrobromic acid (50 ml.; saturated at 0°). The oily tetrabromide was isolated by dilution 
with water and extraction withether. 1: 1: 2 : 2-Tetra-(2-bromoethyl)ethane (V1) was obtained 
(yield 16-0 g.) as a pale yellow oil, b. p. 173—175°/0-05 mm., n? 1-5608 (Found: C, 26-5; 
H, 3-85; Br, 69-4. C, 9H,,Br, requires C, 26-2; H, 3-95; Br, 69-8%). Treatment of the 
tetrabromide with an excess of alcoholic trimethylamine for 3 hours at 100° yielded large cubic 
crystals of ethane-1: 1 : 2 : 2-tetva(ethyl-2-trimethylammonium) tetrabromide (VII). This separated 
from methanol in small prisms, m. p. >360°, soluble in water (Found : C, 37-8; H, 8-0; N, 8-0; 
Br, 46-1. C,,H,;,N,Br, requires C, 38-0; H, 7-9; N, 8-1; Br, 461%). Addition of an excess 
of alcoholic dimethylamine to the tetrabromoethylethane (VI) led to an exothermic reaction and 
precipitation of a salt. This was separated after 48 hours and was crystallised from methanol. 
1: 1:1’: 1’-Tetramethyl-4 : 4’-dipiperidyl dibromide (VIII) forms small prisms, m. p. >360° 
(Found: C, 43-5; H, 7-8; N, 7-3; Br, 41-1. C,,H,,N,Br, requires C, 43-4; H, 7-8; N, 7-3; 
Br, 41-3%). 

Ethane-1 : 1:2: 2-tetra-acetic acid (3: 4-biscarboxymethyladipic acid) (I). 4: 4’-Bistetra- 
hydropyranyl (2 g.) was added slowly to a stirred solution of nitric acid (15 ml.; d 1-42) anda 
trace of vanadium pentoxide, at 30° (cooling). After 3 hours the acid was removed in a 
vacuum-desiccator over potassium hydroxide. Trituration of the gummy product with dry 
ether yielded 1-0 g. of solid ethane-1: 1: 2 : 2-tetra-acetic acid, which crystallised from glacial 
acetic acid in prisms, m. p. 212—213° [Found: C, 45-5; H, 5-2%; equiv. (tetrabasic), 65-0. 
C4 .H yO, requires C, 45-8; H, 53%; equiv., 65-5]. With boiling acetic anhydride the acid 
yielded an anhydride, needles from acetic anhydride, m. p. 205—208° (decomp.) (Found: C, 
53-2; H, 4:55. Cy 9H, O, requires C, 53-0; H, 45%). 

2. Unsuccessful Methods.—The following experiments are illustrative, not exhaustive : 

(i) Ethyl 8-iodoglutarate, prepared from the $-bromo-ester (3-8 g.) and sodium iodide in 
dry acetone, was refluxed with ethyl glutaconate (3-5 g.) and freshly precipitated, dried copper 
(1-5 g.) in dry toluene (25 ml.). After 24 hours, 6-5 g. of ethyl glutaconate (b. p. 134— 
135°/16 mm.) were isolated from the product. 

(ii) Tetraethyl wy-dicarboxyglutaconate was prepared by the method of Ingold and Perrin 
(J., 1921, 119, 1591). 80 G. of its sodio-compound were decomposed by hydrochloric acid 
under ether. The ethereal layer was well washed with water and added to 20 g. of amalgamated 
aluminium foil covered by ether (1 1.). Water (20 ml.) was added dropwise during 3 minutes, 
and the mixture cooled with ice-water. After 1} hours’ stirfing the alumina was removed by 
filtration and washed with ether. The combined ethereal solution, on distillation, yielded 68 g. 
(90%) of diethyl «y-dicarbethoxyglutaconate. The very small high-boiling residue was 
hydrolysed : it yielded glutaric acid and not ethanetetra-acetic acid. A similar reduction of 
glutaconic ester gave glutaric ester (94%; b. p. 130°/11 mm., n?? 1-424). Glutacononitrile was 
prepared by dehydrating §-hydroxyglutaronitrile with phosphoric oxide (Legrand, Bull. Soc. 
chim. Belg., 1944, 58, 166). Reaction with aluminium amalgam in the same way gave only 
unimolecular reduction to glutaronitrile together with some tarry material. 
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(iii) Ethyl acetonedicarboxylate on similar reduction with aluminium amalgam yielded 
85% of low-boiling product, b. p. 117°/8 mm., nm} 1-438. There was no appreciable formation 
of a high-boiling pinacol. Similarly, with magnesium subiodide (Gomberg and Bachmann, 
J. Amer. Chem. Soc., 1927, 49, 236) an 88% yield of low-boiling ester was obtained, b. p. 
105°/0-8 mm., nj 1-441. The product in both cases was presumably $-hydroxyglutaric ester 
but was not identified. 

(iv) Malonic ester (17 g.) was added to sodium ethoxide (2 mols.; from 2-3 g. of sodium and 
100 ml. of ethanol), followed by a solution of tvans-trans-muconic ester (10 g.) in ethanol (50 ml.). 
After a week at room temperature the liquid was poured on ice and acid, and the product 
isolated in the usual way. Distillation yielded 5 g. of malonic ester and 13 g. (72%) of ethyl 
6-dicarbethoxymethyl-a8-dihydromuconate, b. p. 195—-205°/1 mm. (cf. Farmer, loc. cit.). 

(v) Cyanoacetamide (8-4 g.) was dissolved in 40 ml. of warm water; 12-7 g. of glyoxal 
sodium bisulphite compound were then added, followed by a solution of potassium hydroxide 
(5-8 g.) in water (25 ml.). The mixture became homogeneous, then deep brown. Next 
morning, the product was freed from most of the water by vacuum-distillation, treated with 
50 ml. of concentrated hydrochloric acid and 50 ml. of water, and boiled under reflux 
for 5 hours. Continuous ether-extraction of the product gave a small amount of gummy solid 
which on high-vacuum sublimation yielded a crystalline solid, m. p. 125—130°, which crystallised 
from chloroform. It was free from nitrogen and acid to bicarbonate (Found: C, 35-3; H, 
4-9%). As it was clearly not ethanetetra-acetic acid it was not further examined. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

SoutH KENSINGTON, LonpDon, S.W.7. 


CHEMICAL RESEARCH LABORATORY, 7 
TEDDINGTON, MIDDLESEX. (Received, January 22nd, 1952.) 


424. The Sphingolipid Field. Part II.* An Improved Synthesis of 
Racemic 2-Amino-octadecane-1 : 3-diols, and an X-Ray Examination 
of Its Derivatives. 


By M. J. Ecrerton, G. I. GreGory, and T. MALKIN. 


An improved synthesis of racemic 2-amino-octadecane-] : 3-diols 1, de- 
scribed, in which hexadecanal is condensed with 2-nitroethanol, and ie 
racemic 2-nitro-octadecane-1 : 3-diols so formed are catalytically reduced to 
the amino-diols. X-Ray data are given for the N-acetyl, triacetyl, and 
tribenzoyl derivatives of the synthetic amino-diols and dihydrosphingosine. 


SINCE the publication of Part I,* which described the synthesis of racemates of 2-amino- 
octadecane-1 : 3-diols from methyl 3-keto-octadecanoate,t Grob, Jenny, and Utzinger 
(Helv. Chim. Acta, 1951, 34, 2249) have described a new synthesis in which they condense 
hexadecanal with 2-nitroethanol, and reduce the product to the amino-diol. Unaware of 
this work, we had ourselves carried out this synthesis and, as our method differs con- 
siderably at each stage, with an advantage in overall yield (44%, compared with 10-5%), 
we thought it desirable to publish our results before our study of the racemates was 
completed. 

The main loss by the above workers is in the Rosenmund conversion of palmitoy]l 
chloride into hexadecanal (35%, yield compared with our 85%), where they appear to have 
overlooked, inter alia, the necessity for the use of a quinoline-sulphur poison (see also 
Experimental). 

In the condensation of hexadecanal with 2-nitroethanol, we adopted the method used 
by Controulis, Rebstock, and Crooks for the synthesis of chloramphenicols (J. Amer. 
Chem. Soc., 1949, 71, 2462), namely, the use of sodium methoxide in methanol, and isol- 
ation of the sodium salt of aci-2-nitro-octadecane-1 : 3-diol (I). The latter was obtained 
in 78% yield in a few hours, compared with 60% after four days by Grob et al., who used 
sodium hydroxide in methanol. 


* Part I, J., 1951, 2453. + Geneva numbering (CO,H = 1). 











Racemic 2-acetamido-octadecane-1 : 3- 
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Our final reduction was carried out with Adams’s platinum oxide, which gives an 
advantage of some 20% in yield over the Raney nickel method used by Grob ef al. 


NaOMe H 
C,,;H,,"CHO + H,¢°CH,OH —_—_> C,5H3,"CH(OH)-C-CH,-OH o> C1sHay'CH(OH)-CH(NH,)-CH,OH 
NO, (I) NO-ONa . ’ 


In a reduction with palladium black we found that only two-thirds of the required amount 
of hydrogen was taken up; the product did not appear to contain any of the required 
amino-diol, and was presumably the hydroxylamine derivative. It was not purified, but 
was further reduced in the presence of Adams’s catalyst, whereupon the remaining third of 
hydrogen was taken up, to yield the amino-diol.t 

N-Acetyl, triacetyl, and tribenzoyl derivatives of the synthetic diol were prepared as 
described in Part I, as were similar derivatives of dihydrosphingosine, which was isolated 
from beef brain, essentially by the method of Carter, Norris, Glick, Phillips, and Harris 
(J. Biol. Chem., 1947, 170, 269; see also Carter, Haines, Ledyard, and Norris, ibid., 1947, 
169, 77). The synthetic material is, of course, a mixture of two racemates, and although 
the product was crystallised as far as possible to constant melting point, m. p.s show 
slight divergencies from those reported in Part I. Of the three derivatives the N-acetyl 
shows the greatest constancy in this respect. This compound also exhibits the greatest 
similarity to the natural optically active N-acetyl derivative (N-acetyldihydrosphingosine) 
in both melting point and X-ray spacings, the X-ray photographs being practically in- 
distinguishable. Triacetyl and tribenzoyl derivatives of the natural and the synthetic 
product exhibit small but real differences in both melting points and X-ray structure 
(see Table and Plate). 


Melting points and X-ray spacings of derivatives of dihydrosphingosine and of racemic 
2-amino-octadecane-1 : 3-diols. 
Long 
Derivative ]f M. p. spacing, A Short spacings,* A 

N-Acetyl (natural) +Q-é 125—126 28- 3-23w, 3-50w, 3-84s, 4-10vs, 4-56m 

- (synthetic) ... - 124—125 28-! 3°29w, 3-5lw, 3-86s, 4-10vs, 4-56m 
Triacetyl (natural) +16-2° 102—103 2- 3-40w, 3-76s, 4-20vs, 4-96m 

fe (synthetic) ... 9496 31- 3-41 w, 3-76s, 4-26vs, 4-96m 
Tribenzoyl (natural) ... —28- 144—145 30- 3-29w, 3-37w, 4-06vs, 4-66s, 5-Olw, 5-39m 

(synthetic)... 147—148 30- 3:32w, 3-44w, 4-04vs, 4-63s, 4-99m, 5-39 
vs = very strong, s = strong, m = moderate, w = weak. 
* For historical reasons, these spacings have hitherto been referred to as side spacings. The 

above terminology is, however, more consistent. 


EXPERIMENTAL 


X-Ray Investigation.—Long spacings were determined as described earlier (J., 1934, 666), 
by using a Miiller spectrograph. Exposures of $ hour each side of the film were required, 
the tube being run at 12—15 milliamp. Short spacings were determined on a Philips X-ray 
diffraction apparatus (Cu). Exposures of } hour were required, the tube being run at 20 milliamp. 
and 30 kv. 

Hexadecanal.—In a three-necked flask equipped with a stirrer, condenser, and hydrogen- 
inlet tube, were placed xylene (90 c.c.; sodium-dried), hexadecanoy]l chloride (20 g.; freshly 
prepared), palladium on barium carbonate (8 g.; cf. Vogel, ‘‘ Practical Organic Chemistry,”’ 
Longmans, Green and Co., p. 990), and quinoline-sulphur poison (0-8 c.c.; op. cit., p. 669). 
The reaction mixture was heated in an oil-bath at 150° with constant stirring, and a rapid stream 
of hydrogen was passed through the mixture and into a flask of distilled water to absorb the 
hydrogen chloride produced. The aqueous acid was titrated with N-sodium hydroxide from 
time to time, and the end of the reaction was indicated by the persistence of the pink colour of 
phenolphthalein (100 minutes). The catalyst was filtered off and washed with a little dry 
xylene, and the solvent was removed under reduced pressure. Distillation of the residue gave 
hexadecanal (15 g., 86%), b. p. 142—145°/1 mm., m. p. 36°. 

¢~ Using hexadec-2-enal instead of hexadecanal, and reducing the product with lithium aluminium 


hydride, we have now obtained racemic 2-aminoctadec-4-ene-1 : 3-diols, one isomer of which is 
sphingosine.—G. I. G., T. M. 
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85—90% of the theoretical amount of alkali is normally required. Barium carbonate is 
preferable to barium sulphate as catalyst support. Sodium-dried xylene is satisfactory, and 
we do not recommend the use of aluminium chloride for drying. A longer time of reaction 
usually results in a lower yield, and the time required increases with the molecular weight of 
the aldehyde; thus for comparable experiments, the times are dodecanal 60 and tetradecanal 
90 minutes. Purification through the bisulphite compound, the method adopted by Grob et al., 
results in loss of the aldehyde trimer, which is invariably formed to some extent. On distillation, 
as described above, the trimer is reconverted into monomer. There is, indeed, evidence that 
the use of bisulphite favours formation of trimer (Le Sueur, J., 1904, 827). 

Sodium Salt of aci-2-Nitro-octadecane-1 : 3-diol—To hexadecanal (5-25 g.) and 2-nitro- 
ethanol (2-0 g.) in dry methanol (100 c.c.) was added with stirring methanolic sodium methoxide 
(0-505 g. of sodium in 50 c.c. of methanol) during 20 minutes, a white precipitate being formed. 
Stirring was continued for a further 2 hours, after which the white precipitate was filtered off 
and washed with a little cold methanol and with ether. The yield was 6 g. (78%). The salt 
is not stable and gradually becomes orange-brown; after some weeks it fails to give good yields 
of the amino-diol when reduced as described below. 

2-Amino-octadecane-1 : 3-diol.—To the above sodium salt (4-0 g.) in glacial acetic acid (60 c.c.) 
was added platinic oxide (0-2 g.), and reduction was effected at room temperature, the theoretical 
amount of hydrogen being taken up in 4 hours. After removal of the catalyst, the solution 
was concentrated to 10 c.c. under reduced pressure, and ether (100 c.c.) was added. The 
resulting ethereal suspension of amino-diol acetate was shaken with 2N-sodium hydroxide 
(100 c.c.) and methanol (20 c.c.), and the ethereal layer of free base was separated and dried 
(Na,SO,). Removal of the solvent yielded 2-4 g. (71%) of racemic 2-amino-octadecane-1 : 3- 
diols, m. p. 82—85° which did not change appreciably on crystallisation from hexane (Found : 
C, 71-5; H, 13-0; N, 4:5. Calc. for C,,H,;,O,N : C, 71:7; H, 13-0; N, 4:65%). 

Reduction of the above sodium salt (1 g.) with palladium black resulted in the uptake of 
only 2 mols. of hydrogen. The product did not appear to contain any amino-diol, and was 
presumably the intermediate hydroxylamine derivative. The product was not purified, but 
was further reduced in ethanol with Adams’s platinum oxide, whereupon a further mol. of 
hydrogen was taken up. After removal of the catalyst the solution was concentrated to 5 c.c. 
and brought to pH 4 with n-methanolic sulphuric acid; 2-amino-octadecane-1 : 3-diol sulphate 
was precipitated, having m. p. 228—232° after two crystallisations from acetic acid (Found : 
C, 61-2; H, 11-25; N, 40; S, 5-0. C,H, O,N,S requires C, 61-6; H, 11-5; N, 4:0; S, 46%). 

2-Acetamido-octadecane-1 : 3-diol.—This was prepared from the amino-diol as described in 
Part I. Several crystallisations from acetone yielded rosettes, m. p. 124—125°. 

The triacetyl derivative was prepared from the free base or from the N-acetyl derivative as 
described in Part I, or by acetylation with acetic anhydride and pyridine. It was not easily 
purified, but after crystallisation from hexane and from ethanol (twice) it melted at 94—96°. 

The tribenzoyl derivative was prepared as described in Part I and was crystallised first from 
methanol and then from acetone, yielding long, fine needles, m. p. 147—148°. 

Although the above compounds are almost certainly mixtures of racemates, further crystal- 
lisation did not appreciably affect the m. p.s. 

Dihydrosphingosine.—Sphingolipid mixtures were obtained from beef brain (approx. 5-lb. 
batches) by using the procedure described by Carter, Haines, et al. (loc. cit.). The crude material 
was crystallised once from acetic acid, washed thoroughly with acetone, and hydrolysed, isolated, 
and purified through the sulphates, as described by Carter, Norris, et al. (loc. cit.). N-Acetyl, 
triacetyl, and tribenzoyl derivatives of dihydrosphingosine were prepared as described for the 
corresponding synthetic compounds. 


Our thanks are offered to the Department of Scientific and Industrial Research (G. I. G.) 
and to the Gloucester Education Authority (M. J. E.) for maintenance grants, to Professor 
C. W. Ottaway, of our Veterinary Science Department, who kindly arranged for the provision 
of beef brain, and to Messrs. Price (Bromborough) Ltd. for gifts of fatty acids. 
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425. The Separation of Germanium Tetrachloride from Arsenic 
Trichloride by Fractional Distillation. 


By H. J. CLutey and R. C. CHIRNSIDE. 


The separation of germanium tetrachloride from arsenic trichloride 
by fractional distillation of mixtures of the two liquids has been studied. 
Efficient fractionation has been found to yield in a single treatment germanium 
tetrachloride containing only a few parts of arsenic per million. 


THERE is little information in the literature on the separation by distillation of germanium 
tetrachloride—arsenic trichloride mixtures under anhydrous conditions. This two-com- 
ponent system has recently been studied by Sebba (J., 1951, 1975) who found that no azeo- 
trope was formed and concluded that good separation should be possible by efficient frac- 
tional distillation ; he stated that he had confirmed this conclusion by fractional distillation 
of germanium tetrachloride—arsenic trichloride mixtures, using an 18-in. column, to yield a 
germanium tetrachloride distillate in which arsenic could not be detected, but he gave no 
details of the distillation method and no indication of the sensitivity of the tests for arsenic. 

During work carried out before publication of Sebba’s paper, on the preparation of 
high-purity germanium for crystal valves, it became necessary to devise a method for the 
purification of crude germanium tetrachloride which contained substantial proportions of 
arsenic trichloride as the main impurity. It was found that efficient fractional distillation 
could yield germanium tetrachloride containing only a few parts of arsenic per million; 
in view of the absence from Sebba’s paper of quantitative data for this separation it is 
thought useful to record briefly some of the experimental results obtained. 


EXPERIMENTAL 


The distillation apparatus, capable of handling 2-l. batches of germanium tetrachloride, 
consisted wholly of Pyrex-glass components fitted with ground joints. The fractionating 
column was | in. in diameter and 4 ft. long, packed with Pyrex-glass single-turn 4-mm. helices. 
The still-head was of a conventional type which permitted control of the reflux ratio. The flask 
and column were electrically heated. 

In the distillation experiments a prolonged refluxing period, usually 3 hours, was given. 
This was frequently necessary to evolve from the germanium tetrachloride dissolved hydrogen 
chloride, the presence of substantial proportions of which were always manifested by low and 
fluctuating b. p.s. After the refluxing, distillation was commenced at a selected reflux ratio 
which was kept constant throughout the distillation. The boil-up rate employed was approxim- 
ately 1 1. per hour, so a reflux ratio of 9 : 1 corresponded to a rate of distillation of about 100 ml. 
per hour. 

The arsenic contents of the initial germanium tetrachloride—arsenic trichloride mixtures were 
determined by forming a complex of the germanium with oxalic acid and separating the arsenic by 
precipitation as sulphide. The arsenic contents of the fractionated products were determined 
by a Gutzeit method applied without separation of the germanium. It was found that the 
presence of germanium in the latter tests resulted in a partial inhibition of the evolution of 
arsine, and it was therefore necessary to add germanium of negligible arsenic content in the 
preparation of the standard Gutzeit stains used for comparison. The lower limit of determin- 
ation of this method was 1 p.p.m. of arsenic. 

Some of the results obtained are shown in the table. Expts. 1—5 record results obtained on 
the distillation of crude germanium tetrachloride which on occasion contained more than 25% 
of arsenic trichloride. It will be seen that, by using reflux ratios of 9: 1 or greater, the arsenic 
content of such material could be reduced to less than 10 p.p.m. in a single step. 

With very slow rates of distillation some striking results could be obtained, as shown by the 
re-treatment of distillation residues (Expts. 6 and 7). In Expt. 7, where the reflux ratio used 
was 100 : 1, the arsenic trichloride content was reduced from 89% to 8 p.p.m., i.e., reduction by a 
factor of more than 100,000. 

Expts. 8—11 exemplify attempts to effect still further purification by redistillation of the 
products of earlier fractionation experiments. It will be seen that when the starting material 
contained only a few parts per million of arsenic the purification factor achieved was very small 
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and this work showed that redistillation was of little value in completing the purification of the 
once-distilled product. To obtain germanium tetrachloride of the very high purity required for 
preparation of germanium for crystal valves it was in fact necessary to employ a chemical 
purification treatment of the fractionated product, involving reaction with metallic copper, to 
remove the last traces of arsenic. 


Results of fractional distillation of germanium tetrachloride—arsenic trichloride mixtures. 


AsCl, AsCl, AsCl, AsCl, 
Estim- content of content of Estim- content of content of 
ated starting distillate, ated starting distillate, 
Expt. Starting reflux material, % Expt. Starting reflux material, % 
no. material ratio 9 no. material ratio % 
Crude GeCl, 3: “f . 7 Distillation 100:1 89 0-0008 
a i 26: : residues 
9: 9- . 8 Distilled ee 0-0015 0-0004 
9: . 
- 33 : ° ° 9 ; 0-005 0-0004 
Distillation 33 : g . 5 10 a : 0-0004 0-0002 
residues ll ru 25: 0-0003 0-0001 


on 


A crystalline germanium tetrachloride derivative was formed during some of the distillation 
experiments. In one experiment, where germanium tetrachloride of low arsenic content was 
being distilled, colourless crystals appeared on the walls of the flask towards the end of the 
distillation, and a further yield of crystals was obtained when the distillation residue cooled. 
The same phenomena occurred in greater degree when the distillate from this experiment was 
re-distilled. Spectrographic examination of the crystalline material showed germanium to be the 
only metallic element present. The material resembled germanium tetrachloride in its reaction 
with water to form germanium dioxide and in its solubility in certain organic solvents. In 
both distillations where this crystalline product appeared, copious quantities of dissolved 
hydrogen chloride were present in the germanium tetrachloride and it seems possible that the 
material formed was a chloro-acid of germanium, but its constitution has not been elucidated. 
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426. Internuclear Cyclisation. Part V.* The Cyclisation of Derivatives 
of Diphenylmethane, Benzophenone, and N-Methyldiphenylamine. 


By D. H. Hey and R. D. MULLEY. 


Diazonium compounds prepared from 2-aminodiphenylmethane, 2-amino- 
benzophenone, 2-amino-2’-nitrobenzophenone, 2-amino-N-methyldiphenyl- 
amine, and 2-amino-N-methyl-2’-nitrodiphenylamine have been converted by 
a variety of methods into the fluorene, fluorenone, and N-methylcarbazole 
systems respectively. With the aid of chromatography the by-products 
formed in these reactions have been isolated and identified. Examples have 
been established in which the formation of the new internuclear bond involves 
the ejection from a nitrophenyl group of (a) nuclear hydrogen at the meta- 
position to the nitro-group, and (6) the nitro-group itself. 


FIsCHER and SCHMIDT (Ber., 1894, 27, 2787) have shown that, when an aqueous solution 
of diphenylmethane-2-diazonium sulphate is heated, fluorene and 2-hydroxydiphenyl- 
methane are formed. In similar manner Graebe and Ullmann (ibid., p. 3484) showed that 
benzophenone-2-diazonium sulphate gave fluorenone and 2-hydroxybenzophenone, and 
several substituted fluorenones have also been prepared by this method (Ullmann and 
Mallet, Ber., 1898, 31, 1694; Ullmann and Bleier, Ber., 1902, 35,4279; Miller and Bachman, 
J. Amer. Chem. Soc., 1935, 57, 2443). In an attempt to prepare carbazole in an analogous 


* Part IV, J., 1952, 1513. 








(1952) Internuclear Cyclisation. Part V. 2277 


manner from diazotised 2-aminodiphenylamine Graebe and Ullmann (Amnalen, 1896, 
291, 16) obtained 1-phenylbenzotriazole, but this, when heated at 360°, was converted into 
carbazole and nitrogen. Substituted carbazoles have been prepared in a similar manner 
(Ullmann, Ber., 1898, 31, 1697; Amnnalen, 1904, 332, 82; Hunter and Darling, ]. Amer. 
Chem, Soc., 1931, 53, 4183; Plant and Tomlinson, /J., 1932, 2188; Preston, Tucker, and 
Cameron, J., 1942, 500; Coker, Plant, and Turner, /., 1951, 110; Clifton and Plant, ibid., 
p. 461; etc.). It has also been shown by Burton and Gibson (/., 1924, 2501) that N- 
methylcarbazole can be obtained in high yield by decomposition of the aqueous diazonium 
chloride prepared from 2-amino-N-methyldiphenylamine-2’-carboxylic acid in the presence 
of alkali. 

In Part I (J., 1949, 3164) it was shown that the Pschorr phenanthrene synthesis could 
be carried out in a variety of new ways, and in Part III (J., 1952, 1508) the use of diazonium 
fluoroborates was described for an analogous reaction. It therefore became of interest to 
investigate the application of these new techniques to the preparation of derivatives of 
fluorene (II; X = CH,, R =H), fluorenone (Il; X = CO, R=H), and N-methyl- 
carbazole (II; X = NMe, R = H) from 2-amino-derivatives of diphenylmethane, benzo- 
phenone, and N-methyldiphenylamine respectively. For this purpose diazonium salts 
were prepared from the five bases, 2-aminodiphenylmethane (1; X = CH,, R = H) 
2-aminobenzophenone (I; X = CO, R = H), 2-amino-2’-nitrobenzophenone (1; X = CO, 
R = NO,), 2-amino-N-methyldiphenylamine (1; X = NMe, R =H), and 2-amino-N- 
methyl -2’-nitrodiphenylamine (I; X= NMe, R= NO,), and the reaction products 
obtained on elimination of nitrogen were investigated, in most examples with the aid of 


chromatography. The results, which showed wide variations, are summarised in the Table 
on p. 2278. In addition to the product of cyclisation, which was not invariably obtained, 
several reactions gave the phenol, the product resulting from deamination, the dimeride 
resulting from the union of two molecules at the position originally occupied by the amino- 
group, and in certain cases an azo-compound and a product in which a nitro-group had 
been eliminated. 2-Acetamidodiphenylmethane was converted into 2-nitrosoacetamido- 
diphenylmethane, the decomposition of which in hot benzene solution gave only 3-phenyl- 
indazole (in 88°, yield). For purposes of comparison three of the standard techniques 
were also applied to o-amino-a-phenylcinnamic acid. 

In all the reactions investigated internuclear cyclisation was effected by the action 
either of heat or of copper powder on the aqueous solution of the diazonium salt. The 
high yields obtained with o-amino-«-phenylcinnamic acid (the Pschorr phenanthrene 
synthesis) were never reached in any of the reactions leading to the five-membered ring 
systems. In the latter systems carbazole formation proved to be rather easier than 
fluorenone formation and the fluorene system proved to be most resistant to ring formation. 
By means of atomic models and graphical representation, using known values for the 
interatomic distances and bond angles (Branch and Calvin, ‘‘ The Theory of Organic 
Chemistry,’’ Prentice Hall Inc., New York, 1941, Chap. V; Pauling, ‘‘ The Nature of the 
Chemical Bond,’’ 2nd. Edn., Cornell Univ. Press, Ithaca, N.Y., 1940, Chap. V), it is possible 
to calculate the following values for the distances in the unstrained molecules between 
which the new internuclear bonds are to be formed : 
o-Amino-a-phenylcinnamic acid ‘5 o-Aminodiphenylmethane 
o-Aminodiphenylamine * 2.0A 0-Aminobenzophenone 

* No figures are available for the N-methyldiphenylamine system. 


From these figures it is evident that in none of the five-membered ring intermediates does 
the distance between the two positions involved in the formation of the new internuclear 
bond approach the value required for the new bond to the extent encountered in o-amino- 
a-phenylcinnamic acid. When the positions are not sufficiently near to each other in 
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space, cyclisation in most cases appears to be replaced by deamination, which becomes the 
predominant reaction in non-aqueous solvents. In aqueous solvents a sluggish ring closure 
would be expected to be replaced by normal phenol formation. The unexpected formation 
of 2-hydroxydiphenylmethane in the action of copper powder on the diazonium fluoro- 


Ring closure 





Normal Abnormal Deamin- 
product product ation, Phenol, 
yield yield yield Other 
Base Method % (%) (%) compounds 
o-Amino-a-pheny]- B ii 86 - — —_— — 
cinnamic acid 
Ali - ; 8-5 as 
3-phenyl- 
coumarin 
2-Aminodiphenyl- Bi 
methane 
Ai - 5 — 
D in Et,O . - ; sae 
Cc 2 : 2’-Dibenzylazo- 
benzene (23-5%) 
2-Aminobenzophenone Ai 26-5 — 
Bi - Dimeride (25-5%) 
Chloro-compd. 
(48-5%) 
Dimeride (31-5%) 


” 


2-Amino-2’-nitro- A ii f Fluorenone (1-5%) — 
benzophenone 
a s ii “€ Flnorenone (13-5%) 7 2 2 Dimeride (4%) 
o o» , -- Dimeride (18%) 
2-Amino-N-methy]l- A ii — - - — 
diphenylamine 
2-Amino-N-methyl-2’- . N -Methylcarbazole ° —- 2 : 4’-Dinitrodi- 
nitrodiphenylamine (56%) phenylamine 
(trace) 
N-Methylcarbazole - 2 : 4’-Dinitrodi- 
(6-5°%,) N-Methyl- phenylamine 
3 - nitrocarbazole (7% 
(13%) 
N -Methylcarbazole 
(40%) N-Methyl- 
3 - nitrocarbazole 
(trace) 


Methods. 


A. Action of heat on aqueous diazonium salt (i, chloride; ii, sulphate). B. Action of copper 
powder on an aqueous diazonium salt (i, chloride; ii, sulphate). C. Action of copper powder on 
diazonium fluoroborate in acetone. D. Action of copper powder on solid diazonium chloride in an 
organic solvent. E. Action of hypophosphorous acid on the aqueous diazonium chloride. F. Action 
of aqueous sodium hydroxide on the aqueous diazonium sulphate. 


borate in acetone is attributed to the adventitious intrusion of water into the reacting 
system, and it is noteworthy that in this reaction alone was an azo-compound found among 
the products. 

Of particular interest are the reactions with 2-amino-2’-nitrobenzophenone (I; X = CO, 
R = NO,) and 2-amino-N-methyl-2’-nitrodiphenylamine (I; NMe, R = NO,) in which 
the formation of the new internuclear bond involves the ejection of nuclear hydrogen from a 
nitrophenyl group at a position meta to the nitro-group. In both series the yields obtained 
on straightforward ring closure were lower than with the corresponding unsubstituted 
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compounds, but the reaction products contained in addition a ring-closed product from which 
the nitro-group had been eliminated. Thus, 2-amino-2’-nitrobenzophenone (I; X = CO, 
R = NO,) gave both 1-nitrofluorenone (II; X = CO, R = NO,) and fluorenone, and 2- 
amino-N-methyl-2’-nitrodiphenylamine (I; X = NMe, R = NO,) gave both N-methyl-1- 
nitrocarbazole (II; X = NMe, R = NO,) and N-methylcarbazole. In the carbazole 
series ring closure accompanied by the elimination of the nitro-group constituted the major 
reaction, so that the total ring closure in this instance approximated closely to the extent 
of ring closure in the unsubstituted 2-amino-N-methyldiphenylamine. In two of the 
reactions in the 2-amino-N-methyl-2’-nitrodiphenylamine series the product also contained 
some N-methyl-3-nitrocarbazole and, in one instance, some 2 : 4’-dinitrodiphenylamine as 
well. The formation of N-methyl-3-nitrocarbazole in addition to N-methyl-1-nitro- 
carbazole may be attributed to the elimination of the nitro-group during ring closure, 
possibly as nitrous acid, followed by nitration of the unsubstituted N-methylcarbazole. 
It is known that nitration of N-methylcarbazole under such conditions leads to N-methy]- 
3-nitrocarbazole (D.R.-P. 259,504). The elimination of the nitro-group in this manner is of 
special interest from the point of view of the mechanism of the process because Loebl, 
Stein, and Weiss (J., 1950, 2704) have already shown that the action of hydroxy] radicals 
on nitrobenzene results in some elimination of the nitro-group as nitric acid. Nitro- 
groups attached to an aromatic nucleus can also be removed by electrolytic oxidation 
(Fichter and Bonhdéte, Helv. Chim. Acta, 1920, 3, 395) and possibly also by triphenylmethy] 
radicals (Hammond and Ravve, J. Amer. Chem. Soc., 1951, 73, 1891). 

DeTar and Sagmanli (ibid., 1950, 72, 965) have carried out a number of similar reactions 
with 2-aminobenzophenone as well as with 2-aminodiphenyl ether, 2-aminodiphenyl 
sulphide, and 2-aminodipheny] sulphone. They obtained fluorenone in 80% yield by heating 
an aqueous solution of the diazonium sulphate prepared from 2-aminobenzophenone, but 
under alkaline conditions the yields obtained were small or negligible. On the basis of 
these results these authors suggest that under alkaline conditions a free-radical mechanism 
is involved, since addition of benzene results in the normal Gomberg—Bachmann reaction 
leading to diaryl formation, but that under acid conditions an ionic mechanism is favoured 
which leads to high yields of fluorenone. It appears to be extremely doubtful if arguments 
on reaction mechanism based on observations relating to the internuclear bonding between 
two aromatic nuclei in different molecules, as in the Gomberg reaction, can be applied to 
internuclear bonding within one molecule, as in the Pschorr phenanthrene synthesis and in 
the reactions studied in this communication and that of DeTar and Sagmanli (loc. cit.) 
and vice versa. In many cases the best experimental conditions for a high yield in the 
intramolecular reaction are those which lead to a very poor or negligible yield in the inter- 
molecular reaction. The conditions in the two series are, in fact, so fundamentally different 
that each requires separate treatment. For the intermolecular reaction the experimental 
facts and their interpretation are, for the most part, clear, but wit! the intramolecular 
reactions further investigation is called for, particularly on the influence of substituent 
atoms or groups on the ease of reaction with the substituted nucleus. The results already 
obtained in this series of papers provide some evidence of a homolytic mechanism in certain 
reactions but the heterolytic and homolytic mechanisms, both leading to the same end- 
product, may in some cases be delicately balanced. 

2-Amino-2’-nitrobenzophenone (1; X = CO, R = NO,) was prepared by the partial 
reduction of 2 : 2’-dinitrobenzophenone, which was obtained from the nitration of either 
benzophenone or 2-nitrobenzophenone. The latter was conyeniently prepared by a low- 
temperature Grignard reaction between phenylmagnesium bromide and 0-nitrobenzaldehyde 
at —70°, following the technique of Newman and Smith (J. Org. Chem., 1948, 13, 596), 
with the subsequent oxidation of the resulting o-nitrodiphenylmethyl alcohol. 2- 
Amino-N-methyl-2’-nitrodiphenylamine (I; X = NMe, R = NO,) was prepared by two 
independent methods. Partial reduction of N-methyl-2 : 2’-dinitrodiphenylamine gave 
2-amino-N-methyl-2’-nitrodiphenylamine together with 2-methylamino-2’-nitrodiphenyl- 
amine. In the second method 2-carbomethoxy-2’-nitrodiphenylamine was prepared from 
methyl anthranilate and o-bromonitrobenzene, and subsequent methylation and hydro- 
lysis gave 2-carboxy-N-methyl-2’-nitrodiphenylamine. Conversion into the amide and 
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subsequent treatment with aqueous sodium hypochlorite gave 2-amino-N-methyl-2’- 
nitrodiphenylamine, identical with one of the products obtained from the partial reduction 
of N-methyl-2 : 2’-dinitrodiphenylamine. 


EXPERIMENTAL 


(1) Experiments with o-Amino-a-phenylcinnamic Acid.—o-Amino-a-phenylcinnamic acid 
was obtained by the reduction with ferrous sulphate and ammonia of the corresponding nitro- 
compound prepared from o-nitrobenzaldehyde and sodium phenylacetate in acetic anhydride. 

(a) Action of copper powder on the diazonium sulphate in aqueous solution. ‘To a solution of 
o-amino-a-phenylcinnamic acid (3 g.) in concentrated sulphuric acid (3 c.c.) and water (200 
c.c.) at 0° was added dropwise a solution of sodium nitrite (1-3 g.) in water (20 c.c.) with constant 
stirring. On the addition of copper powder * (3 g.), nitrogen was evolved ; the mixture was then 
left overnight. For completion of the reaction, the mixture was warmed until a negative 
coupling reaction with alkaline 8-naphthol was obtained. The precipitate was filtered off and 
extracted with dilute aqueous ammonia. Acidification of this extract gave phenanthrene-9- 
carboxylic acid, which crystallised from glacial acetic acid in colourless needles (2-4 g.), m. p. 
250—252°. 

(b) Action of heat on the diazonium sulphate in aqueous solution. o-Amino-«-phenylcinnamic 
acid (1-9 g.) was diazotised as described above in a mixture of concentrated sulphuric acid 
(2 c.c.) and water (100 c.c.) by the addition of sodium nitrite (0-9 g.) in water (20 c.c.) at 0°. 
The diazonium solution was heated at 50° for 5 hours, nitrogen being evolved. Crystallisation 
of the off-white precipitate (1-5 g.) from glacial acetic acid gave phenanthrene-9-carboxylic 
acid (1-06 g.), m. p. 250—252°. Dilution of the acetic acid mother-liquor with water gave a pre- 
cipitate, which after crystallisation from aqueous alcohol gave 3-phenylcoumarin (0-15 g.) in 
colourless needles, m. p. 138—139° (Found: C, 81-0; H, 4:5. Calc. for C,;H,,O,: C, 81-1; 
H, 4.5%). Stoermer and Prigge (Annalen, 1915, 409, 24) do not give a yield. 

(c) Action of copper powder on the diazonium filuoroborate in acetone. o-Amino-a-pheny]l- 
cinnamic acid (2 g.) was diazotised, as described above, in a mixture of concentrated hydro- 
chloric acid (10 c.c.) and water (10 c.c.) by the addition of sodium nitrite (1 g.) in water (5 c.c.). 
After complete diazotisation water (80 c.c.) was added to dissolve the suspended salt. Sodium 
fluoroborate (2-5 g.) in water (6 c.c.) was added slowly at 0° with stirring to the filtered diazonium 
chloride solution. The diazonium fluoroborate (2-2 g.) which separated was collected, washed 
with a minimum of cold water, and dried over concentrated sulphuric acid at 0°. The diazo- 
nium salt was transferred to a flask fitted with a calcium chloride guard tube, and ‘“‘ AnalaR ”’ 
acetone (50 c.c.) added. Addition of copper powder (3 g.) caused an immediate evolution of 
nitrogen. Completion of the reaction was ensured by warming the suspension, which was then 
filtered free from copper powder into water. The copper powder itself was added to dilute 
hydrochloric acid and extracted with chloroform. The precipitated white solid and that obtained 
from the extract were combined and shown to be phenanthrene-9-carboxylic acid (1-35 g.), 
m. p. 250—252°. 

(2) Experiments with 2-Aminodiphenylmethane.—2-Aminodiphenylmethane was prepared 
by reduction of 2-nitrodiphenylmethane with tin and hydrochloric acid. The nitro-compound 
was obtained by a Friedel-Crafts reaction with o-nitrobenzyl chloride and benzene. 

(a) Action of copper powder on the diazonium chloride in aqueous solution. 2-Aminodipheny]l- 
methane (3 g.) was diazotised in concentrated hydrochloric acid (7 c.c.) and water (80 c.c.) 
by the addition of sodium nitrite (1-2 g.) in water (20c.c.)._ When copper powder (3 g.) was added 
to the diazonium solution, nitrogen was evolved and after an hour the solution was heated 
to 40° to complete the reaction. The mixture was distilled with steam and the distillate ex- 
tracted with ether and washed with aqueous sodium hydroxide (10%). The alkali-soluble 
fraction gave o-hydroxydiphenylmethane (0-15 g.) as a light brown oil, which was converted 
into its phenylurethane, which separated from light petroleum (b. p. 60—80°) in long colourless 
plates, m. p. and mixed m. p. with an authentic specimen 116—117°. The neutral extract gave 
an oil (1-48 g.) which was collected at 130—140°/11 mm., to give diphenylmethane (1-2 g.), 
which was in turn oxidised to benzophenone, the 2: 4-dinitrophenylhydrazone of which had 
m. p. 234—236° undepressed on admixture with an authetic specimen. 

(b) Action of heat on the diazonium chloride in aqueous solution. 2-Aminodiphenylmethane 
(5 g.) was diazotised in concentrated hydrochloric acid (10 c.c.) and water (100 c.c.) by the 


* The copper powder used in all experiments was prepared by the addition of zinc dust to aqueous 
copper sulphate. 
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addition of sodium nitrite (2-2 g.) in water (20 c.c.). The diazonium solution was heated to 
50°, whereupon evolution of nitrogen was noticeable, and the decomposition was finally com- 
pleted by boiling. The mixture was distilled with steam and the products isolated as described 
above. The residue (2-8 g.) from the ethereal extract, which was partly solid, was crystallised 
from aqueous alcohol, to give fluorene (0-6 g.) in plates, m. p. and mixed m. p. with an authentic 
specimen 114°. The residual oil from the mother-liquor (2-0 g.) was added to the product 
obtained from the alkaline washings, and the whole (3 g.) on distillation at 169—172°/10 mm. 
gave o-hydroxydiphenylmethane (2-8 g.) (phenylurethane, m. p. and mixed m. p. 117—118°). 
Fischer and Schmidt (loc. cit.) do not give yields. 

(c) Action of copper powder on the diazonium fluoroborate in acetone. 2-Aminodiphenyl- 
methane (4-2 g.) was diazotised in concentrated sulphuric acid (4 c.c.) and water (4 c.c.) by the 
addition of sodium nitrite (1-8 g.) in water (10c.c.). Sodium fluoroborate (4 g.) in water (8 c.c.) 
was added slowly with stirring to the diazonium solution at 0°. The yellow diazonium fiuoro- 
borate (6-31 g.) which separated was collected, washed with the minimum amount of cold water, 
and dried over sulphuric acid at 0°. To a suspension of the dry salt in ‘‘ AnalaR ’”’ acetone 
(50 c.c.), copper powder (4 g.) was added. There was an immediate evolution of nitrogen on 
slight warming, and the reaction was complete in 10 minutes. The reaction mixture was filtered 
into water, the filtrate was extracted with ether, and the extract washed with aqueous sodium 
hydroxide. The residue from the ethereal extract, a deep-red oily solid (3-57 g.), was chromato- 
graphed in benzene solution on an alumina column (30 x 2 cm.). Continued elution with 
benzene brought down a red band, and crystallisation of the product from alcohol gave 2 : 2’- 
dibenzylazobenzene (0-95 g.) in red needles, which melted at 114—115°, then solidified and melted 
again at 122—123° (Found: C, 85-9; H, 6-2; N, 7-9. Calc. for C,,H,.N,: C, 86:15; H, 6-1; 
N, 7:7%). Carré (Compt. rend., 1909, 148, 102) gives m. p.s of two forms as 116—117° and 
124—125°. The alcoholic mother-liquors gave a red oil (1-4 g.) which on distillation at 142— 
144°/20 mm. gave diphenylmethane as a pale yellow oil (1-32 g.), which was oxidised to benzo- 
phenone and identified as the 2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 235— 
236°. Elution with benzene-ether (1 : 1) gave a light brown oil (0-67 g.), which was added to the 
product obtained from the alkaline washings, and the whole (1-15 g.) was distilled at 141— 
143°/0-5 mm., to give o-hydroxydiphenylmethane (0-92 g.) (phenylurethane, m. p. 117—118°). 

(d) Preparation and decomposition of 2-nitrosoacetamidodiphenylmethane. Toa mixture of 2- 
acetamidodiphenylmethane (4 g.), freshly fused potassium acetate (5 g.), phosphoric oxide 
(0-5 g.), glacial acetic acid (40 c.c.), and acetic anhydride (30 c.c.) at 8° nitrosyl chloride (1-75 g.) 
in acetic anhydride (5-25 g.) was added dropwise with stirring. After the addition the orange- 
coloured solution was stirred for a further 45 minutes; it was then added, in portions, to ice- 
cold water (500 c.c.). The nitroso-compound, which was obtained as a yellow solid on scratch- 
ing, was collected and dried over concentrated sulphuric acid at 0°. The solid (4-2 g.), m. p. 
66—67° (decomp.), was dissolved in dry benzene and boiled under reflux for 16 hours. The 
benzene was removed under reduced pressure and the residual red oil was distilled at 161— 
163°/0-2 mm., to give a solid product (3-1 g.). Crystallisation from light petroleum (b. p. 
60—80°) gave 3-phenylindazole (2-8 g.) in colourless needles, m. p. 107—108° (Found: C, 
80-1; H, 5-4; N, 14-6. Calc. for C,,H,)N,: C, 80-4; H, 5-2; N, 144%). Auwersand Hiittenes 
(Ber., 1922, 55, 1112) give m. p. 107—108° for the form crystallising in needles. 

(e) Action of copper powder on the diazonium chloride in ether. Dry hydrogen chloride was 
passed into a solution of 2-aminodiphenylmethane (3 g.) in sodium-dried ether (25 c.c.) at 0° 
until the hydrochloride of the base was fully precipitated. To this suspension, at 0° under 
anhydrous conditions, amyl nitrite (2-6 c.c.) was added dropwise with shaking. As diazotis- 
ation took place the solid dissolved, and a deep-red solution resulted. Further dry ether 
(50 c.c.) was added, followed by copper powder (3 g.), whereupon an immediate vigorous evolu- 
tion of nitrogen was observed. On completion of the reaction, the ether was removed and 
the resulting brown oil distilled with steam. Extraction of the distillate with ether, followed 
by distillation of the product at 134—140°/9 mm., gave diphenylmethane (2-5 g.) as a light 
yellow oil, identified by oxidation to benzophenone (2: 4-dinitrophenylhydrazone, m. p. and 
mixed m. p. 236—237°). 

(3) Experiments with 2-Aminobenzophenone.—2-Aminobenzophenone was prepared by the 
Hofmann degradation of o-benzoylbenzamide by using sodium hypochlorite. 

(a) Action of heat on the diazonium chloride in aqueous solution (cf. DeTar and Sagmanli, 
loc. cit.). Toasolution of 2-aminobenzophenone (3 g.) in concentrated hydrochloric acid (10 c.c.) 
and water (100 c.c.) at 5° was added dropwise sodium nitrite (1-3 g.) in water (20 c.c.) with 
constant stirring. The diazonium solution was heated to 50° for 30 minutes and then boiled 

7G 





2282 Hey and Mulley: 


to complete the reaction. The yellow oil which separated was extracted with ether, and the 
extract was washed with aqueous sodium hydroxide (10%). The phenolic product (0-9 g.) 
on distillation at 180—182°/14 mm. gave 2-hydroxybenzophenone (0-8 g.) as a light yellow 
oil, which solidified and then had m. p. 36—38°. Crystallisation of the neutral product (2 g.) 
from aqueous alcohol gave fluorenone (1-6 g.) in yellow plates, m. p. and mixed m. p. with an 
authentic specimen 83—85°. 

(b) Action of copper powder on the diazonium chloride in aqueous solution. 2-Aminobenzo- 
phenone (3 g.) was diazotised, as above, in concentrated hydrochloric acid (10 c.c.) and water 
(100 c.c.) by the addition of sodium nitrite (1-3 g.) in water (20 c.c.). When copper powder 
(3 g.) was added there was only a slight evolution of nitrogen, and the decomposition was carried 
out at 40° for 1 hour. The mixture was extracted with ether, and the copper removed by 
filtration. The extract was washed with aqueous sodium hydroxide as above, but the quantity 
of phenolic material obtained was negligible. The neutral residue (2-9 g.), which partly solidified, 
was extracted with cold ether, which left behind yellow prismatic crystals of 2 : 2’-dibenzoyl- 
dipheny] (0-7 g.), which after repeated crystallisation from alcohol had m. p. 168—170° (Found : 
C, 85-7; H, 5-2. Calc. for C.,H,,O,: C, 86-1; H, 50%). Tschitschibabin and Ssergejeff 
(Ber., 1926, 59, 657) give m. p. 172—173° for this compound. Concentration of the ethereal 
extract gave a dark-red oil which was collected at 180°/12 mm. 2-Chlorobenzophenone (1-6 g.) 
was obtained, which on solidification and crystallisation from light petroleum (b. p. 40—60°) 
gave light yellow prisms, m. p. 44—46°. Newton and Groggins (Ind. Eng. Chem., 1935, 27, 
1398) record m. p. 45-5—46°. 

(c) Action of copper powder on the diazonium sulphate in aqueous solution. A suspension of 
2-aminobenzophenone (3 g.) in concentrated sulphuric acid (3-5 c.c.) and water (100 c.c.) was 
diazotised, as described above, by the addition of sodium nitrite (1-3 g.) in water (20.c.c.). Some 
unchanged amine (0-7 g.) was filtered off and on the addition of copper powder (3 g.) decom- 
position commenced, and this was completed at 40°. The mixture was extracted with ether, 
filtered from copper powder, and washed with aqueous sodium hydroxide (10%). The phenolic 
fraction (0-27 g.) on distillation at 170—172°/12 mm. gave 2-hydroxybenzophenone (0-18 g.), 
m. p. 37—38-5°. The neutral fraction (1-8 g.) on distillation at 106°/3 x 10° mm. gave fluor- 
enone (1-1 g.), m. p. 80—82°, undepressed on admixture with an authentic specimen. 

(d) Action of copper powder on the diazonium chloride in acetone. Dry hydrogen chloride 
was passed into a solution of 2-aminobenzophenone (3 g.) in sodium-dried ether (50 c.c.) at 0° 
until the hydrochloride was fully precipitated. To this suspension, under anhydrous conditions 
at 0°, was added amy] nitrite (2-8 c.c.) dropwise with shaking. The off-white crystalline diazo- 
nium salt was collected and washed with dry ether. To a solution of the dry diazonium salt in 
“ AnalaR ”’ acetone (100 c.c.) copper powder (3 g.) was added and there was an immediate 
vigorous evolution of nitrogen. The mixture was filtered into water and extracted with ether. 
The residual brown oil on distillation at 187—189°/24 mm. gave benzophenone (2-55 g.) as a light 
yellow oil (2 : 4-dinitrophenylhydrazone, m. p. 235—237°, both alone and on admixture with an 
authentic specimen). 

(e) Action of copper powder on the diazonium fluoroborate in acetone. 2-Aminobenzophenone 
(3 g.) was diazotised in concentrated sulphuric acid (3 c.c.) and water (3 c.c.) by the addition of 
sodium nitrite (1-3 g. ) in water (5.c.). Sodium fluoroborate (3 g.) in water (6 c.c.) was added 
slowly to the diazonium solution at 0° with stirring. The diazonium fluoroborate which separated 
was collected, washed with a minimum of cold water, and dried over sulphuric acid at 0°. 
To the solid diazonium salt (4-29 g.) in ‘“‘ AnalaR ”’ acetone (50 c.c.), in which it partly dissolved, 
copper powder (3 g.) was added. Evolution of nitrogen commenced on warming and decom- 
position was complete in 10 minutes. The mixture was filtered into water, extracted with ether, 
and washed with aqueous sodium hydroxide (10%). The brown semi-solid residue (2-54 g.) 
obtained on concentration of the ethereal solution was chromatographed in benzene-light 
petroleum (b. p. 60—80°) (1: 1) on a column (30 x 2 cm.) of activated alumina. Elution with 
benzene-—light petroleum (b. p. 60—80°) gave a light yellow oil (1-22 g.), which on distillation 
at 174°/17 mm. gave benzophenone (1-2 g.) (2: 4-dinitrophenylhydrazone, m. p. 236—238°). 
Further elution with the same mixed solvent gave 2: 2’-dibenzoyldiphenyl (0-83 g.), m. p. 
168—170°, both alone and on admixture with an authentic specimen. 

(f) Action of aqueous sodium hydroxide on the diazonium sulphate. 2-Aminobenzophenone 
(2-5 g.) was diazotised in concentrated suJphuric acid (3 c.c.) and water (10 c.c.) by the addition 
of sodium nitrite (1-1 g.) in water (5 c.c.). The solution was diluted with water (100 c.c.) and 
made just alkaline to phenolphthalein by additon of aqueous sodium hydroxide, a brick-red 
precipitate being formed. This mixture was stirred overnight at room temperature and then 
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boiled to complete the decomposition. The mixture was extracted with chloroform and washed 
with aqueous sodium hydroxide (10%). The neutral fraction (2-22 g.), a dark tar, was chromato- 
graphed in benzene on acolumn (30 x 2cm.)ofalumina. Elution with benzene gave an oily yellow 
solid, which on crystallisation from light petroleum (b. p. 60—80°) deposited fluorenone (0-45 g.) 
in yellow plates, m. p. 82—84°. The alkali-soluble fraction (0-23 g.) was chromatographed in 
benzene on a column (10 x 2 cm.) of silica gel. Elution with benzene gave light-brown needles, 
m. p. 114—117°, in minute yield. DeTar and Sagmanli (loc. cit.) record a yield of only 1% of 
steam-volatile material regarded as fluorenone from a similar reaction. 

(g) Action of hypophosphorous acid on the diazonium chloride in aqueous solution. 2-Amino- 
benzophenone (2 g.) was diazotised in concentrated hydrochloric acid (6 c.c.) and water (12 c.c.) 
by the addition of sodium nitrite (0-9 g.) in water (7 c.c.). After complete diazotisation ice- 
cold 30% hypophosphorous acid (25 c.c.) was added to the cold solution and the mixture kept at 
0° for 3days. Nitrogen was slowly evolved and a light-yellow oil separated. The mixture was 
extracted with ether and washed with aqueous sodium hydroxide (10%). Concentration of 
the ethereal extract, followed by distillation at 172—-174°/18 mm., gave benzophenone (1-76 g.) 
(2 : 4-dinitrophenylhydrazone, m. p. 236—238°). 

(4) Experiments with 2-Amino-2’-nitrobenzophenone.—o-Nitrodiphenylmethyl alcohol (cf. 
Newman and Smith, loc. cit.). A solution of o-nitrobenzaldehyde (24 g.) in sodium-dried 
toluene (350 c.c.) was cooled to —70° in a solid carbon dioxide bath whilst a stream of dry 
nitrogen was passed in. To this solution phenylmagnesium bromide, prepared from bromo- 
benzene (27-9 g.) and magnesium (4-3 g.) in sodium-dried ether (100 c.c.), was added dropwise 
during 2 hours with vigorous stirring. The temperature was kept at —70° for a further 2 hours 
and then allowed to rise. At —10°, alcohol (20 c.c.) was added to decompose any unchanged 
Grignard reagent. The solution was poured into ammonium chloride (30 g.) in ice-water 
(600 c.c.) and left overnight at 0°. Separation of the organic solvent layer, followed by con- 
centration, gave a brown oil which was distilled. 0-Nitrodiphenylmethyl alcohol (29-5 g.) was 
collected at 170—180°/0-74 mm. as a light yellow oil. On long storage it solidified, and crystallis- 
ation from light petroleum (b. p. 40—60°) gave plates, m. p. 59—60° (Found: C, 68-1; H, 4-9. 
C,3H,,0,N requires C, 68-1; H, 4:8%). 

2-Nitrobenzophenone (cf. Newman and Smith, Joc. cit.). Toa boiling solution of the foregoing 
alcohol (29-5 g.) in glacial acetic acid (50 c.c.) was added dropwise during 30 minutes a hot 
solution of chromium trioxide (24 g.) in glacial acetic acid (90 c.c.). After boiling under 
reflux for a further 15 minutes the solution was poured into cold water (1000 c.c.). The 2- 
nitrobenzophenone (28-3 g.) which separated was collected, washed, and dried; it had m. p. 
103—104° both alone and on admixture with an authentic specimen. 

2-Amino-2’-nitrobenzophenone (cf. Purdie, J. Amer. Chem. Soc., 1941, 68, 2276). An aqueous 
solution of sodium polysulphide was added dropwise to a boiling suspension of 2 : 2’-dinitro- 
benzophenone (5 g.) in alcohol (150 c.c.)._ The sodium polysulphide was prepared by dissolving 
sodium sulphide (6 g.) and sulphur (1-5 g.) in water (40 c.c.). On completion of the addition 
the suspension was boiled for a further 3 hours, all of the 2 : 2’-dinitrobenzophenone dissolving. 
Most of the alcohol (100 c.c.) was removed by distillation and the residue was poured into water. 
The yellow solid which separated was collected, extracted several times with hot concentrated 
hydrochloric acid, and made alkaline with aqueous ammonia (d 0-880). The 2-amino-2’- 
nitrobenzophenone (3-4 g.) which separated crystallised from alcohol in brown-yellow needles, 
m. p. 149—150° (Found: C, 64-2; H, 4:3; N, 11-8. Calc. for C,,H,O,N,: C, 64:5; H, 42; 
N, 116%). Heyl (Ber., 1898, 31, 3033) reports m. p. 149—150°. 

(a) Action of copper powder on the diazonium sulphate in aqueous solution. A solution of 
2-amino-2’-nitrobenzophenone (2-5 g.) in concentrated sulphuric acid (6 c.c.) and water (20 c.c.) 
at 5° was diazotised with sodium nitrite (1-2 g.) in water (5 c.c.). This diazonium solution was 
diluted with water (100 c.c.), and copper powder (3 g.) was added. After 2 days’ stirring at 
room temperature, more copper powder (2 g.) was added and the suspension was heated to 70°. 
The mixture was extracted with chloroform and the copper removed by filtration. The extract 
was washed with 10% aqueous sodium hydroxide, and the washings were acidified and extracted 
with chlor. orm. The phenolic product, a brown gum (0-87 g.), was chromatographed in benzene 
ona column (10 x 2cm.) of silica gel. Elution by benzene (400 c.c.), followed by crystallisation 
of the product from methyl alcohol, gave 2-hydroxy-2’-nitrobenzophenone (0-53 g.) in yellow 
leaflets m. p. 121—122° (Found: C, 64-0; H, 3-75; N, 5-35. C,,H,O,N requires C, 64-2; 
H, 3:7; N, 58%). The neutral extract gave a brown oil (1-36 g.) which was chromatographed 
in benzene on activated alumina (30 x 2 cm.). Elution with benzene gave a yellow solid, 
which on crystallisation from light petroleum (b. p. 60—80°) deposited fluorenone (0-25 g.) in 
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yellow plates, m. p. 83—84°, which showed no depression on admixture with an authentic speci- 
men. Further elution with benzene gave (a) 2-nitrobenzophenone (0-01 g.) [needles from light 
petroleum (b. p. 60—80°)], m. p. and mixed m. p. with an authentic specimen 101—103°, and 
(6) 1-nitrofluorenone (0-15 g.) in small yellow plates (from benzene), m. p. and mixed m. p. 
with an authentic specimen (Chase and Hey, J., 1952, 566) 187—189°. Elution with benzene— 
ether (9:1), followed by crystallisation of the product from benzene, gave 2 : 2’-di-o-nitro- 
benzoyldiphenyl (0-1 g.) in pale yellow prisms, m. p. 214—216° (Found: C, 69-4; H, 3-8; N, 
62%; M, 450. C,,H,,O,N, requires C, 69-05; H, 3-6; N, 6-2%; M, 452). 

(b) Action of heat on the diazonium sulphate in water. 2-Amino-2’-nitrobenzophenone 
(2-5 g.) was diazotised as described above. After dilution with water (100 c.c.), the solution 
was stirred at room temperature overnight, after which it was decomposed by heating to 70°. 
The mixture was extracted with chloroform, and the extract washed with aqueous sodium 
hydroxide (10%). The phenolic product (1-54 g.) was chromatographed in benzene on a column 
(10 x 2cm.) of silica gel. Elution with benzene, followed by crystallisation of the product from 
methyl alcohol, gave 2-hydroxy-2’-nitrobenzophenone (1-15 g.) in yellow leaflets, m. p. 121— 
122°, both alone and on admixture with an authentic specimen. The neutral product (0-83 g.) 
was chromatographed in benzene on a column (30 x 2 cm.) of alumina. Elution with benzene 
and crystallisation of the product from light petroleum (b. p. 60—80°) gave fluorenone (0-03 g.) 
in yellow plates, m. p. 79—81°. Further elution with benzene, followed by crystallisation from 
the same solvent, gave 1-nitrofluorenone (0-2 g.) in small yellow plates, m. p. 185—187°, both 
alone and on admixture with an authentic specimen. 

(c) Action of copper powder on the diazonium fluoroborate in acetone. Sodium fluoroborate 
(3 g.) in water (6 c.c.) was added slowly at 0° with stirring to the diazonium solution prepared 
from 2-amino-2’-nitrobenzophenone (2-5 g.) in concentrated sulphuric acid (4 c.c.) and water 
(4 c.c.) by the addition of sodium nitrite (1-2 g.) in water (5 c.c.). The light-yellow diazonium 
fluoroborate (3-37 g.) was collected, washed with a minimum of cold water, and dried over 
sulphuric acid at 0°. Copper powder (3 g.) was added to the solid diazonium salt under 
“ AnalaR ”’ acetone (50 c.c.). Decomposition commenced on slight warming and was complete 
in 10 minutes. The reaction mixture was filtered into water and extracted with chloroform, 
and the chloroform extract was washed with aqueous sodium hydroxide (10%). The neutral 
product (2-47 g.), obtained on removal of the solvent, was chromatographed in benzene on 
alumina (30 x 2 cm.). Elution with benzene gave 2-nitrobenzophenone (1-28 g.) in white 
needles (from alcohol), m. p. 102—104°, both alone and on admixture with an authentic specimen. 
Elution with benzene-ether (9: 1) gave 2 : 2’-di-o-nitrobenzoyldipheny] (0-41 g.) in pale yellow 
needles (from benzene), m. p. 214—216° alone and on admixture with an authentic specimen. 

(5) Experiments with 2-Amino-N-methyldiphenylamine.—2-A mino-N-methyldiphenylamine 
(cf. Kehrmann and Havas, Ber., 1913, 46, 341). o-Chloronitrobenzene (20 g.), methylaniline 
(34 g.), and powdered, freshly fused sodium acetate (11 g.) were heated for 10 hours at 210°. The 
mixture was distilled with steam to remove unchanged reactants, the residue being extracted 
with ether. The N-methyl-2-nitrodiphenylamine (12 g.) obtained on removal of the ether 
was collected at 203—207°/11 mm. and reduced with tin and hydrochloric acid. 

(a) Action of copper powder on the diazonium sulphate in aqueous solution. A solution of 
sodium nitrite (1-3 g.) in water (20 c.c.) was added dropwise with stirring to a solution of 2- 
amino-N-methyldiphenylamine (3 g.) in concentrated sulphuric acid (3 c.c.) and water (100 c.c.) 
at 5°. Copper powder (3 g.) was added to the deep-red solution, which was stirred at room 
temperature for 30 minutes and finally heated to 50°. The reaction product was extracted with 
ether, and the copper powder removed by filtration. Washing the extract with 10% aqueous 
sodium hydroxide removed only a small quantity (0-08 g.) of tar. The neutral product (2-75 g.) 
distilled at 190—196°/11 mm. and gave a light yellow oil (2-15 g.) which rapidly solidified. 
Crystallisation from alcohol afforded N-methylcarbazole (1-83 g.) in needles, m. p. 88—90°. 
The picrate separated from alcohol in deep red needles, m. p. 145—146°. Graebe (Annalen, 
1880, 202, 23) gives m. p. 87° and m. p. 141° for N-methylcarbazole and its picrate. 

(b) Action of heat on the diazonium sulphate in water. 2-Amino-N-methyldiphenylamine 
(2-05 g.) was diazotised, as described above, in concentrated sulphuric acid (2 c.c.) and water 
(70 c.c.) by the addition of sodium nitrite (1 g.) in water (10 c.c.). After being stirred at room 
temperature for 2 hours the deep red solution was boiled to complete the decomposition. The 
mixture was extracted with ether, and the extract was washed with 10% aqueous sodium 
hydroxide. Evaporation of the ether, followed by distillation at 190—196°/11 mm., gave a 
light yellow oil (1-45 g.) which solidified. Crystallisation from alcohol afforded N-methyl- 
carbazole (1-12 g.) in needles, m. p. 88—89° alone and on admixture with an authentic specimen. 
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(c) Action of copper powder on the diazonium fluoroborate under acetone. 2-Amino-N-methyl- 
diphenylamine (2-8 g.) was diazotised, as described above, in concentrated sulphuric acid 
(3 c.c.) and water (3 c.c.) by the addition of sodium nitrite (1-3 g.) in water (5.c.c.). Sodium 
fluoroborate (3 g.) in water (6 c.c.) was added slowly to the solution at 0° with stirring. The 
light-brown diazonium fluoroborate (3-77 g.) was collected, washed with a minimum of cold water, 
and dried over concentrated sulphuric acid at 0°. Copper powder (3 g.) was added to a sus- 
pension of the solid diazonium salt in ‘“‘ AnalaR ”’ acetone (100 c.c.). No nitrogen was evolved 
until the acetone suspension was heated almost to boiling, whereupon decomposition was rapid. 
The reaction mixture was filtered from copper powder into water, extracted with chloroform, 
and washed with 10% aqueous sodium hydroxide. The brown semi-solid residue (2-23 g.) 
obtained on removal of the chloroform was separated by chromatography in benzene on alumina 
(30 x 2cm.). Elution with benzene gave an orange semi-solid (1-66 g.) which, on crystallis- 
ation from methyl alcohol, gave N-methylcarbazole (0-98 g.) in needles, m. p. 85—-87° alone 
and on admixture with an authentic specimen. The methyl alcohol mother-liquors on dilution 
with water gave a red oil (0-69 g.) which, on distillation at 162—166°/22 mm., gave N-methyldi- 
phenylamine (0-54 g.) as a light yellow oil. The double salt of the hydrochloride of the base with 
zinc chloride, prepared in glacial acetic acid, had m. p. 181—185°. Craig (J. Amer. Chem. Soc., 
1933, 55, 3727) records m. p. 186—188° for this salt. 

(6) Experiments with 2-Amino-N-methyl-2'-nitrodiphenylamine.—N-Methyl-2 : 2’-dinitro- 
diphenylamine (cf. Storrie and Tucker, J., 1931, 2261). Powdered potassium hydroxide (9 g.) 
was added to a solution of 2: 2’-dinitrodiphenylamine (9-3 g.) in acetone (80 c.c.), and the sus- 
pension was heated to boiling. After the slow addition of methyl sulphate (15 c.c.), boiling 
under reflux was continued for 5 minutes, the violet colour being discharged. The suspension 
was poured into water and the yellow-orange precipitate collected. Crystallisation from 
alcohol gave N-methyl-2 : 2’-dinitrodiphenylamine (8-45 g.) in orange plates, m. p. 147-5— 
148-5° (Found: C, 57-3; H, 4:3. C,,;H,,O,N, requires C, 57-2; H, 41%). 

Action of sodium polysulphide solution on N-methyl-2 : 2’-dinitrodiphenylamine in alcohol (cf. 
Purdie, Joc. cit.). A hot aqueous solution of sodium polysulphide was added dropwise to a 
suspension of N-methyl-2 : 2’-dinitrodiphenylamine (14-4 g.) in alcohol (200 c.c.) boiling under 
reflux. The sodium polysulphide was prepared from sodium sulphide (15 g.), sulphur (3-8 g.), 
and water (50 c.c.). On completion of the addition the suspension was boiled for a further 34 
hours, solution then being complete. Most of the alcohol (150 c.c.) was distilled off and the 
residue poured into water. The oil which separated was dissolved in benzene and a small 
quantity of yellow insoluble material was filtered off. Concentration of the solution gave a red 
oil (11-73 g.) which was collected at 150—174°/0-3 mm., and rapidly solidified. Crystallisation 
from benzene-light petroleum (b. p. 60—80°) gave a mixture of red prisms, m. p. 114—116°, 
and yellow-orange needles, m. p. 80—130°, which were separated by hand-picking. Crystallis- 
ation of the red prisms from alcohol gave 2-amino-N-methyl-2’-nitrodiphenylamine (3-5 g.), 
m. p. 118—119° (Found: C, 64-4; H, 5-45; N, 17-2. C,,;H,,0O,N, requires C, 64:2; H, 5-4; 
N, 17:3%). The yellow-orange needles were extracted with hot light petroleum (b. p. 60—80°), 
which left behind unchanged starting material (1-9 g.), m. p. 142—146°. Concentration of the 
light petroleum solution gave 2-methylamino-2’-nitrodiphenylamine (4-2 g.) in yellow-orange 
needles, m. p. 99—100° (Found: C, 64:1; H, 53; N, 17-0. C,,;H,,0,N, requires C, 64-2; 
H, 5-4; N, 17-3%), identical with an authentic specimen prepared as described below. 

2-Methylamino-2’-nitrodiphenylamine (cf. Ullmann, Annalen, 1907, 355, 327). Hydrogen- 
ation of N-methyl-o-nitroaniline (5 g.) at atmospheric pressure in alcohol, with Raney nickel 
catalyst, gave N-methyl-o-phenylenediamine (3-13 g.), which, with o-bromonitrobenzene 
(5 g.), dry potassium carbonate (3 g.), and a trace of cuprous chloride was heated at 150—170° 
for 3 hours. The reaction product was extracted with chloroform, and the fraction of b. p. 
154°/10-* mm. collected. Crystallisation from light petroleum (b. p. 60—80°) gave 2-methyl- 
amino-2’-nitrodiphenylamine (0-6 g.) in orange-yellow needles, m. p. 98—100°. 

2-Carbomethoxy-2’-nitrodiphenylamine (cf. Ullmann, loc. cit.). Methyl anthranilate (10 g.), 
o-bromonitrobenzene (15 g.), dry potassium carbonate (5 g.), and a trace of cuprous chloride 
were heated together at 170—190° for 3 hours. There was an initial rapid evolution of carbon 
dioxide. The solid product was extracted many times with boiling water. Crystallisation of 
the residue twice from glacial acetic acid gave 2-carbomethoxy-2’-nitrodiphenylamine (8 g.) in 
light brown plates, m. p. 159—160° (Found: C, 61-9; H, 4-4; N, 10-1. C,,H,,0O,N, requires 
C, 61-7; H, 4:4; N, 10-3%). 

2-Carbomethoxy-N-methyl-2’-nitrodiphenylamine (cf. Storrie and Tucker, Joc. cit.). A mixture 
of methyl sulphate (12 c.c.), powdered potassium hydroxide (8 g.), and 2-carbomethoxy-2’- 
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nitrodiphenylamine (8 g.) in acetone (100 c.c.) was boiled under reflux for 30 minutes. The 
colour was thereby discharged, and the mixture poured into water. The yellow precipitate was 
collected and dried. Crystallisation from light petroleum (b. p. 60—80°) gave 2-carbomethoxy- 
N-methyl-2’-nitrodiphenylamine (7-5 g.) in thick yellow needles, m. p. 77—78° (Found: C, 63-1; 
H, 5-2. C,,;H,,0,N, requires C, 62-9; H, 4:9%). 

2-Carbamyl-N-methyl-2’-nitrodiphenylamine. A suspension of 2-carbomethoxy-N-methyl-2’- 
nitrodiphenylamine (3 g.) in aqueous sodium hydroxide (50 c.c., 10%) was boiled under reflux 
until solution was complete. The deep red solution was cooled and made just acid with 
dilute acetic acid. The deep yellow precipitate was collected and dried. Crystallisation from 
benzene-light petroleum (b. p. 60—80°) gave 2-carboxy-N-methyl-2’-nitrodiphenylamine 
(2-57 g.) as a mixture of yellow needles and red prisms, m. p. 122—130° (Found: C, 61-5; 
H, 4:5; N, 10-3. Cale. for C,,H,,O,N,: C, 61-7; H, 4:4; N, 10-3%). Neither recrystallisation 
nor purification by chromatography through alumina affected the melting-point range (cf. 
Burton and Gibson, Joc. cit.). Thionyl chloride (3 c.c.) was added to a solution of the acid 
(4-89 g.) in dry chloroform (30 c.c.), and the reaction was completed by 2 hours’ boiling under 
reflux. The chloroform and most of the excess of thionyl chloride were removed by distillation 
under reduced pressure, and the last traces of thionyl chloride by successive distillations under 
vacuum with dry benzene (2 x 20c.c.). The acid chloride, obtained as a dark-red syrup, was 
dissolved in dry benzene (15 c.c.), and aqueous ammonia (10 c.c.; d 0-880) cautiously added, the 
solution being cooled and shaken. An orange solid separated, and crystallisation from methyl 
alcohol gave 2-carbamyl-N-methyl-2’-nitrodiphenylamine (4-56 g.) in orange plates, m. p. 170— 
172° (Found: C, 62-2; H, 49. C,,H,,;0;N, requires C, 62-0; H, 4:8%). 

2-A mino-N-methyl-2’-nitrodiphenylamine. To a suspension of finely powdered 2-carbamyl- 
N-methyl-2’-nitrodiphenylamine (8 g.) in aqueous sodium hydroxide (3-25 g. in 15 c.c.), cooled 
in ice, sodium hypochlorite solution was added slowly with vigorous stirring. The sodium 
hypochlorite solution was prepared by passing chlorine (2-2 g.) into sodium hydroxide (2-4 g.) 
in water (15 c.c.) cooled in ice. The suspension was then heated to 55—60° and kept at 
that temperature for 1 hour, whereafter solution was almost complete. Finally, it was boiled 
for 4 hour. On cooling, a dark-red solid (7-05 g.) was collected by filtration. It was crushed 
4nd extracted overnight in a Soxhlet apparatus with light petroleum (b. p. 60—80°), the 
insoluble residue (1-93 g.; m. p. 164—169°) being unchanged 2-carbamyl-N-methyl-2’- 
nitrodiphenylamine. The product, soluble in the light petroleum (b. p. 60—80°), was crystal- 
lised from the same solvent and then from light petroleum (b. p’ 80—100°). 2-Amino-N- 
methyl-2’-nitrodiphenylamine (3-5 g.) was obtained in red prisms, m. p. 118—119°, not depressed 
on admixture with the base prepared as described above by the partial reduction of N-methyl- 
2 : 2’-dinitrodiphenylamine. 

(a) Action of copper powder on the diazonium sulphate in water. A solution of 2-amino-N- 
methyl-2’-nitrodiphenylamine (1-8 g.) in concentrated sulphuric acid (3 c.c.) and water (100 c.c.) 
was diazotised at 5° with a solution of sodium nitrite (1-3 g.) in water (20 c.c.) added dropwise 
with constant stirring. Copper powder (3 g.) was added to the red solution, which was stirred 
at room temperature for 24 hours. For completion of the reaction the suspension was boiled 
after the addition of more copper powder (2 g.). The mixture was extracted with chloroform, 
filtered from the copper, and washed with aqueous 10% sodium hydroxide. No phenolic 
product was isolated. Evaporation of the chloroform extract gave a brown oil (1-47 g.), which 
was chromatographed in benzene-light petroleum (b. p. 60—80°) (2: 1) on alumina (30 x 2cm.). 
Elution with the same mixed solvent gave, first, N-methylcarbazole (0-75 g.) in white needles, 
m. p. 88—89°, from light petroleum (b. p. 60—80°), undepressed on admixture with an authentic 
specimen, and, secondly, a red partly solid material (0-29 g.), from which N-methyl-1-nitro- 
carbazole (0-14 g.) was obtained in yellow needles, m. p. 91—92°, from methyl alcohol (Found : 
C, 69-3; H, 4:7; N, 11-85. Cy 3H,O,N, requires C, 69-0; H, 4:5; N, 12-4%). A mixed 
m. p. with an authentic specimen, prepared as described below, showed no depression. The 
methyl alcohol mother-liquors, on dilution with water, afforded N-methyl-2-nitrodiphenyl- 
amine (0-14 g.), b. p. 230—234°/30 mm. This product, obtained as a red oil, was combined 
with the analogous fractions from reactions (b) and (c), and reduced and acetylated. The 
product melted at 86—87-5°, both alone and on admixture with an authentic specimen of 2- 
acetamido-N-methyldiphenylamine. Elution with benzene-ether (2:1) gave 2: 4’-dinitro- 
diphenylamine, m. p. 210—215° (from ethyl alcohol), in very small yield. This product showed 
no depression in m. p. on admixture with an authentic specimen, m. p. 221—222°. Davis and 
Ashdown (J. Amer. Chem. Soc., 1924, 46, 1053) record m. p. 220—221-5° for this compound. 

N-Methyl-1-nitrocarbazole (cf. Stevens and Tucker, /J., 1923, 2143). Methyl sulphate 
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(0-3 c.c.) was added to a solution of 1l-nitrocarbazole (0-2 g.) in acetone (2 c.c.) and aqueous 
potassium hydroxide (0-3 c.c.; 66%). The mixture was shaken for a few seconds until the 
deep violet colour had been discharged; then warm water (4 c.c.) was added. The product 
solidified and was collected. Crystallisation from methyl alcohol gave N-methyl-1-nitro- 
carbazole in deep yellow needles (0-16 g.), m. p. 91-5—92-5°. 

(b) Action of copper powder on the diazonium fluoroborate under acetone. 2-Amino-N- 
methyl-2’-nitrodiphenylamine (1-36 g.) was diazotised, as described above, in concentrated 
sulphuric acid (1-3 c.c.) and water (2 c.c.) by the addition of sodium nitrite (0-65 g.) in water 
(3.c.c.). Sodium fluoroborate (1-5 g.) in water (3 c.c.) was added slowly to the deep-red solution 
at 0° with stirring. The solid fluoroborate (1-89 g.) was collected, washed with a small amount 
of cold water, and dried over sulphuric acid at 0°. Copper powder (3 g.) was added to the dry 
diazonium salt in “‘ AnalaR’”’ acetone (100 c.c.). Very slight decomposition commenced on 
warming, and to complete the reaction it was necessary to boil the mixture under reflux for 2 
hours. The mixture was filtered into water, extracted with chloroform, and washed with 10% 
aqueous sodium hydroxide. The dark-brown gum (1-20 g.) obtained on evaporation of the 
chloroform was separated by chromatography in benzene-light petroleum (b. p. 60—80°) 
(1: 1) on alumina (30 x 2cm.). Elution with the same mixed solvent gave N-methylcarbazole 
(0-4 g.) in needles, m. p. 88—89° [from light petroleum (b. p. 60—80°)]. A mixed m. p. with an 
authentic specimen showed no depression. Continued elution with benzene-light petroleum 
(b. p. 60—80°) (1:1) gave N-methyl-l-nitrocarbazole (0-3 g.) in deep yellow needles (from 
methyl alcohol), m. p. and mixed m. p. with an authentic specimen 89—91°. Dilution of the 
methyl alcohol mother-liquors with water gave N-methyl-2-nitrodiphenylamine (0-19 g.), 
b. p. 230—234°/30 mm., which was treated as described above. Elution with benzene gave a 
trace of N-methyl-3-nitrocarbazole as a yellow solid, m. p. 165—168°, from ethyl alcohol. A 
mixed m. p. with an authentic specimen showed no depression. 

(c) Action of heat on the diazonium sulphate in water, 2-Amino-N-methyl-2’-nitrodiphenyl- 
amine (1-5 g.) was diazotised, as described above, in concentrated sulphuric acid (2-5 c.c.) and 
water (70 c.c.) by the addition of sodium nitrite (1 g.) in water (20c.c.). After the whole hai 
been stirred at room temperature overnight the reaction was completed by boiling. The 
mixture was extracted with chloroform, and the extract was washed with 10% aqueous sodium 
hydroxide. A small phenolic fraction (0-05 g.) was obtained as a dark-brown tar. Removal 
of the solvent from the neutral fraction gave a brown oily solid (1-34 g.), which was purified by 
chromatography in benzene-light petroleum (b. p. 60—80°) (2 : 1) through alumina (30 x 2cm.). 
Elution with this mixed solvent gave (a) N-methylcarbazole (0-07 g.) in white needles from light 
petroleum (b. p. 60—80°), m. p. and mixed m. p. with an authentic specimen 87—89°, and (b) 
N-methyl-1-nitrocarbazole (0-52 g.) in deep yellow needles (from methyl alcohol), m. p. 91—92°, 
both alone and on admixture with an authentic specimen. N-Methyl-2-nitrodiphenylamine 
(0-17 g.), b. p. 2830—234°/30 mm., was obtained as a red oil fromthe mother-liquors. Elution 
with benzene gave N-methyl-3-nitrocarbazole (0-18 g.) in light yellow needles (from ethyl 
alcohol), m. p. 170—172° (Found : C, 69-4; H, 4-6; N, 12-2%; M, 238. Calc. for C,,H,,0,N, : 
C, 69-0; H, 4:5; N, 12-49%; M, 226). Stevens and Tucker (/., 1923, 2143) give m. p. 169— 
171°. Reduction, as described below, gave 3-amino-N-methylcarbazole, m. p. 171—173°, for 
which Lindemann (Ber., 1924, 57, 557) gives m. p. 174°. Elution with benzene-ether (9: 1) 
gave 2: 4’-dinitrodiphenylamine in small red need!es (0-11 g.) (from ethyl alcohol), having m. p. 
and mixed m. p. with an authentic specimen 219--220° (Found: C, 55-9; H, 3-5; N, 17-1%; 
M, 272. Calc. for C,,H,O,N,: C, 55:6; H, 3-5; N, 16-38%; M, 259). 

3-Amino-N-methylcarbazole. A suspension of Raney nickel (0-6 g.) in alcohol (3 c.c.) was 
added to a solution of N-methyl-3-nitrocarbazole (0-03 g.) in sulphur-free benzene (30 c.c.). 
Hydrogenation was carried out at atmospheric pressure with rapid shaking. When the hydrogen 
absorbed reached a constant value the Raney nickel was filtered off, the strongly fluorescent 
solution concentrated, and light petroleum (b. p. 60—80°) added. White needles, m. p. 171— 
173°, of 3-amino-N-methylcarbazole separated. A mixed m. p. with the starting material 
showed a large depression. 
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427. Thermochemistry of Organo-boron Compounds. Part I. Esters 
of Boric Acid. 


By T. CHARNLEY, H. A. SKINNER, and N. B. SMITH. 


From measurements of the heats of hydrolysis of four alkyl borates, the 
following values of the heats of formation (AHf°) at 25° are derived : methyl 
borate —2240+4 0-8; ethyl borate —251-3+41-0; m-propyl borate 
—272-7 + 1:4; n-butyl borate —291-9 + 1-5 kcal./mole (all values refer to 
liquid state). The data are used to derive the mean bond dissociation energies 
of the B-O links in the alkyl borates: it is found that D(B-O) in R,BO, = 
D(RO-H) + # kcal./mole, where x = 4-1 (R = Me), 4:3 (R = Et), 5-0, (R = 
Pr®), and 5-5 (R = Bu”). The probable value of D(B-O) in alkyl borates lies 
in the range 110 + 5 kcal./mole. 


THE thermochemistry of the organo-boron compounds has received scant attention. 
From the thermal standpoint this may have been partly due to the lack (until recently) 
of a reliable value for the heat of formation (AH/°) of boric oxide. Values reported for the 
heat of combustion of crystalline boron have ranged from 349 (Roth and Boerger, Ber., 
1937, 70, 48, 971) to 281 kcal./mole (Eggergluess, Monroe, and Parker, Trans. Faraday 
Soc., 1949, 45, 661) : the diversity reflects the difficulty in preparing boron in a completely 
pure state. The new measurement of AH/°(B,O;, cryst.) by Prosen and his co-workers 
at the National Bureau of Standards in Washington makes an ingenious indirect approach 
to the problem through the heats of hydrolysis and of thermal dissociation of diborane 
(Prosen, Johnson, and Yenchius, Nat. Bur. Stand. Techn. Rept., 1948; and personal 
communication from E. J. Prosen). Their value, AHf°(B,O,, cryst.) = — 306-04 + 0-85 
kcal./mole, has been checked by Stegemann and Nathan by re-investigation of the heat of 
combustion of elementary boron (Davis, Mason, and Stegemann, J]. Amer. Chem. Soc., 
1949, 71, 2775). 

The heat of formation of boric oxide is a prerequisite to the interpretation of the heats 
of combustion of organo-boron compounds, of which only one (trimethylboron) has so far 
been reported (Long and Norrish, Phil. Trans., 1948, A, 241, 598). It is also required for 
interpretation of the results recorded in this paper, which deals with the heats of hydrolysis 
of methyl, ethyl, »-propyl, and -butyl borate. These esters are readily hydrolysed to 
the alkyl alcohol and boric acid. The heats of formation of the alcohols are known from 
their heats of combustion (Rossini, J. Res. Nat. Bur. Stand., 1934, 13, 195), and the heat 
of formation of boric acid (in aqueous solution) from AHf°(B,Osg, cryst.), the heat of solution 
of B,O, in water (Southard, J. Amer. Chem. Soc., 1941, 63, 3147), and the heats of solution 
of boric acid (Smisko and Mason, 7bid., 1950, 72, 3679). 


EXPERIMENTAL 


Methyl and ethyl borate were prepared according to Webster and Dennis (J. Amer. Chem. 
Soc., 1933, 55, 3233), and n-propyl and n-butyl borate by Bannister’s method (U.S.P. 1,668,797 ; 
cf. Johnson and Tompkins, Org. Synth., 1933, 13, 16). The crude products were carefully 
fractionated through a gauze-packed column designed by Imperial Chemical Industries Limited, 
Billingham. The purified samples had b. p.s within a range of 0-1° as follows: Me,BO,, 
67-8°/742 mm.; Et,BO,, 44-5°/45 mm.; Pr,BO,, 64-0°/9 mm.; Bu,BO,, 105-2°/9 mm. These 
samples were further distilled in vacuo, and collected and sealed in weighed glass phials. 

The calorimeter was similar to that described by Pritchard and Skinner (J., 1950, 272). 
For each experiment, the Dewar vessel was charged with 750 g. of distilled water, and the 
reactions were carried out by breaking glass phials containing known weights of the alkyl 
borate under the water surface. A stainless-steel plate, supported inside the Dewar vessel, 
served as a platform on which the phials could be shattered. The temperature changes were 
followed in terms of the change in resistance of a thermistor element. The apparatus was 
calibrated electrically, by passing a measured amount of electrical energy through the calibration 
heater so as to obtain a similar change in the thermistor resistance to that observed in a typical 
hydrolysis experiment. The Dewar vessel was immersed in an oil-bath, at 24-50°, in a constant- 
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temperature room (23-5°). Hydrolyses occurred almost instantaneously in case of methyl 
and ethyl borates, rapidly with propyl borate, and rather less so with butyl borate. 


RESULTS 


The experimental results are summarised in the tables below. All heat quantities are 
quoted in units of the thermochemical calorie, defined by 1 thermochemical calorie = 4-1840 
abs. joule. The observed heats of reaction, AH,»,,, refer to the heats of the overall reaction, 


R,BO, (liq.) + (m + 3) H,O (liq.) —-> (3ROH + H,BO,) dissolved in m moles of H,O. (1) 
AH ys, may be broken down into two parts, viz. : 
AH ore, = AHnya + OHen - - + + © © + ee (2) 
where AHjyq, measures the heat of the standard hydrolysis reaction, 
R,BO, (liq.) + 3H,O (liq.) —+> 3ROH (liq.) + H,BO, (cryst.) . . . (3) 


and AH,,j,, measures the net heat of solution of the products of reaction in m moles of water. 
Values of AH,,,,, were calculated from the heats of solution of boric acid given by Smisko and 
Mason (loc. cit.) and the heats of solution of alcohols given by Bose (Z. physikal. Chem., 1907, 
58, 585); for butyl borate, separate measurements of the heat of solution of butyl alcohol were 
made to supplement Bose’s data. The following individual heats of solution were used (1.e., 
AH at 24-5°): MeOH = — 1-62, EtOH = — 2-35, Pr°OH = — 2-40, Bu"OH = — 2-27, and 
H,BO, = + 5-17 kcal./mole; corresponding values of the net heat of solution terms (AH,,),, in 
eqn. 2) were: 0-31, —1-88, —2-03, and —1-54 kcal./molea in the hydrolyses of methyl, ethyl, 
propyl, and butyl borates respectively. 


TABLE 1. 


R,BO, n —AHors. —AHnya. Mean n —AHows. —AHnya. 
(g.) (moles) (kcal.) (kcal.) AM pya. : (moles) (kcal.) (keal.) 


Methyl borate n-Propyl borate 
3-6876 1171 4-30 4-61 5-507 1420 6-68 
3-7477 1152 4-28 4-59 5°335é 1465 6-59 
3-0818 1402 4-31 4-62 : 58S 1134 6-66 
2-7186 1590 4-35 4-66 +0-05 9478 1581 6-73 
4-1752 1034 4-29 4-60 , 5 1641 6-59 
3-5605 1213 4-30 4-61 65 1021 6-55 
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f 4715 6-19 

1842 6-16 

1811 6-14 

1971 6-22 

2128 6-29 


3-2338 1876 
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2-3716 2559 
2-6294 2308 
1-6160 3757 
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TABLE 2. Heats of formation of alkyl borates. 


Alkyl] borate AHf° (liq. ) —- mole) wipe = (kcal. /mole) 
5-7 *(+- 1-0) 
~ 40. 8*(+ 1-2) 
9.7 1 1. —260-9 * (+ 2-4) 
n-Bu,BO, 291-9 + —279-4% (+ 2-5) 

* Using the values A425 (Me,BO,) = 8-3 kcal. and 22° (Et,BO,) = 10-5 kcal., based on the vapour- 
pressure data of Wiberg and Sitterlin (Z. anorg. Chem., 1981, 202, 1). The estimated error in these 
figures is +0-2 kcal. *® Estimated values: A, (Pr,BO,) =11-8 keal.; A, (Bu,BO,) = 12-5 kcal. 
The errors in these estimates may be as high as +1 kcal. The overall probable errors quoted are 
computed by addition of the uncertainties in each of the component data. 


The heats of formation given in Table 2 are derived from the thermochemical equation 
describing the standard hydrolysis reaction (3), i.e 


AHyya, = 3AHf°(ROH, liq.) + AHf°(H,BO,, cryst.) — 3AHf°(H,0, liq.) 
— AHf?(RsBO,, liq.) . . (4) 
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by using the following standard heats of formation (kcal./mole) : 


MeOH (liq.) = — 57-04 + 0-05; EtOH (liq.) = — 66-39 + 0-10; 
Pr°OH (liq.) = — 73-27 + 0-25; Bu"OH (liq.) = — 79-69 + 0-30; 


H,0 (liq.) = — 68-317 + 0-10; H,BO, (cryst.) = — 262-45 + 0-6, 


DISCUSSION 


The AHf° values of the esters of boric acid are useful for the determination of the strength 
of the B-O bond. We shall define the quantity D(B-O), the mean bond-dissociation 
energy, by the equation : 


D(B-O) = (D,+D,+D)j3....-.-. +. & 


where D,, D,, and Dy are the individual bond dissociation energies corresponding to the 
processes 
(i) B(OR); —> B(OR), + OR: AH, = D, 
(ii) B(OR), —> B(OR) + OR: AH, = D, 
(iii) B(OR) ——~> B(gas) + OR: AH, = D, 


The sum of the three terms, D,, D,, and D,, is given by the thermochemical equation 
(D, + D, + D,) = AHf°(B, g.) + 34Hf°(OR, g.) — AHf°(R,BO,, g.) . (6) 


Of the terms in eqn. (6), the last is given in Table 2, and a value AHf°(B, g.) = 97-2 
kcal./mole is recommended in the Tables of Selected Values of Chemical Thermodynamic 
Properties, published by the National Bureau of Standards (Table 58—1, 1949) : the term 
AHf°(OR, g.) offers some difficulty and can only be estimated approximately at the present 
time. We can, however, express AHf°(OR, g.) in an alternative manner, in terms of the 
O-H bond dissociation energies in the alcohols, viz. : 


AHf°(OR, g.) = D(RO-H) + AHf°(ROH, g.) — AHf°(H,g.) . . (7) 


Combining eqns. (6) and (7), and using the well-established AH/°(H, g.) = 52-09 kcal./mole, 
one obtains 


(D, + D, + D,) = 3D(RO-H) + 3AHf°(ROH, g.) — AHf°(R,BO,, g.) — 59-07. (8) 


From eqn. (8), and the AHf°(ROH, g.) values given by Rossini (loc. cit.), the following 
D values in the boric esters are derived : 


D in Me,BO, = D(MeO-H) + 4-1 kcal./mole 
D in Et,BO, = D(EtO-H) + 4-3 kcal./mole 
D in Pr,BO, = D(PrO-H) + 5-05 kcal./mole 
D in Bu,BO, = D(BuO-H) + 5-5 kcal./mole 


Values of the O-H bond dissociation energies in the straight-chain alkyl alcohols have 
not yet been measured experimentally, but in one case (tert.-butyl alcohol) Murawski, 
Roberts, and Szwarc (J. Chem. Phys., 1951, 19, 698) have derived the value D(ButO-H) = 
106 kcal./mole. This figure might reasonably be accepted as a rough guide to the order 
of magnitude of D(RO-H) in general: it is not incompatible with an indirect evaluation 
that can be made, following a suggestion by Gray (Discuss. Faraday Soc., 1951, 10, 310). 
Gray pointed out that the initial step in the thermal decomposition of alkyl nitrates and 
nitrites occurs at the O-N bond, giving the radical RO- and the corresponding oxide of 
nitrogen—NO in nitrites, NO, in nitrates—so that it is perhaps permissible to identify 
the activation energy of the unimolecular thermal decomposition with the heat of fission 
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of the O-N bond. In this event, the heats of formation of the radicals MeO- and EtO- 
may be derived from the following experimental data : 


(i) EtO-NO (g.) —> EtO + NO; AH = 37-7 kcal./mole*; 
AHf?(EtO-NO, g.) = — 24-8 kcal./mole®; AHf°(NO, g.) = 21-6 kcal./mole?’; 
whence AHf°(EtO) = — 8-7 kcal./mole. 

(ii) EtO-NO, (g.) —> EtO + NO; AH = 39-5 kcal./mole‘°; 
AHf°(EtO-NOg, g.) = — 36-2 kcal./mole’; AHf°(NOg, g.) = 8-1 kcal./mole?; 
whence AHf°(EtO) = — 4-8 kcal./mole. 

(iii) MeO-NO (g.) —> MeO + NO; AH = 36-4 kcal./mole*; 
AHf°(MeO-NO, g.) = — 16-7 kcal./mole‘; 
whence AHf°(MeO) = — 1-9 kcal./mole. 

(iv) MeO-NO, (g.) —» MeO + NO,; AH = 39-5 kcal./mole‘ ; 
AHf°(MeO-NOg, g.) = 29-4 kcal./mole‘*; 
whence AHf°(MeO) = 2-0 kcal./mole. 


* Steacie and Shaw, J. Chem. Phys., 1934, 2, 345. ° Selected Values of Chemical Thermodynamic 
Properties. * Data quoted by Gray (loc. cit.). 


The mean values, AH/f°(EtO) = — 6-8 kcal./mole and AHf°(MeO) = 0-0 kcal./mole, 
correspond to the values D(/EtO-H) = 101-5 kcal./mole and D(MeO-H) = 100-1 kcal. /mole. 
These figures should be accepted with reserve, as both the kinetic and the thermochemical 
data used in their derivation require confirmation. On the basis of the admittedly in- 
adequate evidence referred to above, we have chosen a value D(RO-H) = 105 + 5 
kcal./mole, leading to values of the mean B-O bond dissociation energies in the alkyl 
borates in the range 110 + 5 kcal./mole. 

The B-O bond is thus one of the strongest bonds formed by the boron atom, as may 
be seen from Table 3 in which are listed D values of a number of bonds to boron. 


TABLE 3. Mean bond dissociation energies of boron bonds. 
Molecule AHf? (gas) D (kcal./mole) 


According to Sidgwick (‘‘ Chemical Elements and their Compounds,’’ Oxford Univ. 
Press, Vol. I, 1950) the most stable links of boron are in the order B-F > B-N > B-O 
> B-Cl, but thermochemical evidence is not given to substantiate the statement. The 
present work justifies Sidgwick’s placing B-O between B-F and B-Cl. The position 
of B-N in the series seems to us anomalous, and thermochemical studies leading to the 
B-N bond-energy are planned. 


UNIVERSITY OF MANCHESTER. [Received, February 29th, 1952.) 
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428. Picrotoxin and Tutin. Part VI.* Methylation and 
Methanolysis. 


By J. C. BENsTEAD, Roy GEE, R. B. Jouns, M. Martin-SmitH, and S. N. SLATER. 


Methylation of picrotoxinin and related substances by methyl sulphate— 
alkali, methyl iodide-silver oxide, and diazomethane has been further 
investigated. It has been shown in particular that picrotoxinin with 
methanol and diazomethane gives the methyl ether of methyl picrotoxate, 
Sutter and Schlittler’s ‘Compound C”’ (Helv. Chim. Acta, 1950, 33, 902) ; 
other transformation products of ‘‘ C ’’ described by Sutter and Schlittler are 
identified accordingly. 

The reaction of picrotoxinin and related substances with alcoholic 
alkoxides has been shown to proceed in the presence of only a trace of the 
alkoxide. The nature of the product formed may vary with the amount of 
alkoxide used. 


In Part III (J., 1949, 806) the hope was expressed that methylation would be of help in 
stabilising the structures of picrotoxin and related compounds. The natural division of 
these substances into two groups, alkali-stable and alkali-unstable (Part IV, J., 1952, 1042), 
suggested the use of the silver oxide method for the latter and either this or the methyl 
sulphate method for the former. In addition, as has been shown by Sutter and Schlittler 
(Helv. Chim. Acta, 1950, 33, 902), diazomethane has potential applications. 

The parent substances picrotoxinin and picrotin (together with meopicrotoxinin) are 
not stable to alkali, but unfortunately the silver oxide method fails to methylate them, 
and diazomethane when it reacts (as with picrotoxinin) brings about also other changes 
(see below). Dihydropicrotoxinin and picrotin are moderately stable for short periods to 
cold dilute alkali but the former was recovered unchanged after attempted methylation 
with methyl sulphate and the latter gave a complex mixture. The chief alkali-stable 
compounds are the bromopicrotoxinic acids, bromoneopicrotoxinic acid, picrotoxic acid, 
a- and §6-picrotinic acids, picrotindicarboxylic acid, and Sutter and Schlittler’s 
‘‘Compound C’”’ (Helv. Chim. Acta, 1950, 33, 902). Methylation of 8-bromopicrotoxinic 
acid with methyl sulphate was described in Part III (loc. cit.) but the corresponding 
reaction with bromoneopicrotoxinic acid could not be realized. Picrotoxic and 
a-picrotinic acids and their esters, however, react smoothly to give monomethy] ethers. 

The silver oxide method has been reported to have some success when used under 
vigorous conditions (Mercer and Robertson, J., 1936, 288; Sutter and Schlittler, Joc. cit.) 
but under normal conditions we have not achieved useful results, $-picrotinic acid, for 
example, merely giving its methy] ester. 

The use of diazomethane has hitherto been complicated by the somewhat uncertain 
nature of the reactions involved (Sutter and Schlittler, loc. cit.). It is also not clear from 
the previous work whether the changes observed are due exclusively to the diazomethane, 
or to alkali added to catalyse the reaction, or even to the traces of alkali present in 
preparations of diazomethane which have not been distilled. We therefore re-investigated 
the reactions described by Sutter and Schlittler ; in the main we confirm their experimental 
observations, but we re-interpret certain of them and correlate the substances described 
with well-known derivatives of picrotoxin. 

In the presence of added potassium hydroxide, picrotoxinin reacted with methyl 
alcohol and ethereal diazomethane to give mainly ‘‘ Compound C,”’ as already described, 
together with a small amount of dimethyl picrotoxinindicarboxylate. With no added 
potassium hydroxide, and with an excess of undistilled diazomethane, the reaction led to 
approximately equal amounts of ‘‘C’’ and the ester. By use of distilled ethereal diazo- 
methane, ‘‘ Compound C ’’ was formed practically exclusively. This variation is explained 
below. Sutter and Schlittler mention the formation of a certain amount of dimethyl 
picrotoxinindicarboxylate in this reaction; the properties of our product agree with the 


* Part V, J., 1952, 1597. 
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data of Horrmann (Amnalen, 1916, 411, 273) and the positive response to periodic acid 
agrees with the observations of Conroy (J. Amer. Chem. Soc., 1951, 73, 1889). The nature 
of ‘‘ Compound C ’’ was discussed inconclusively by Sutter and Schlittler; in Part IV of 
this series a possible way in which ‘‘ Compound C”’ could be simply derived from picro- 
toxinin was suggested. It has now been identified as the methy] ether of methyl picrotoxate 
by the reactions shown in the annexed scheme. 
Picrotoxinin a... Picrotoxic acid stony O-Methylpicrotoxic acid 
Cy5H 1606 C,5H,,0, C,.H,,9, 


ine a | CH,NyMeOH 
U 


Methy] picrotoxate ~eat “ Compound C ”’ 
C,6H,O, ee C vss 

The other main transformation products of ‘‘C’’ described by Sutter and Schlittler 
are identified as follows: “‘ E ’’ is O-methylpicrotoxic acid; ‘‘ H ’’ is the (known) O-methyl- 
picrotoxonic acid (Horrmann and Wachter, Ber., 1916, 49, 1554); ‘‘P’’ is the (known) 
methyl O-methylpicrotoxonate (idem, ibid.). The differences in the reported melting 
points of ‘‘H’’ and “‘ P’’ are of no significance, as they depend on the degree of preheating 
and rate of heating. The melting point of “‘ E,’’ however, is given as 229-5—230° whereas 
that of the product of methylation of picrotoxic acid with methyl sulphate and alkali we 
found to be 215°. We therefore repeated the preparation of ‘‘ E’’ by hydrolysis of ‘ C’”’ 
and in different preparations obtained only material varying in melting point from 215° to 
220°, indistinguishable from that obtained from picrotoxic acid. 

In one experiment where diazomethane reacted with picrotoxinin we isolated some 
methyl picretoxate, along with its methyl ether and dimethyl picrotoxinindicarboxylate. 
As this on further treatment with diazomethane gives the methyl ether we conclude that 
methyl picrotoxate is an intermediate stage in the transformation of picrotoxinin into “ C.”’ 

In agreement with Sutter and Schlittler we found no reaction between picrotin and 
diazomethane, except in the presence of added alkali, which led merely to methanolysis. 

neoPicrotoxinin, although originally obtained from picrotoxinin, is more closely related 
to picrotin (Slater and Wilson, Nature, 1951, 107, 324), from which it may be obtained by 
dehydration, and in conformity with this view it does not react with diazomethane. 
a-Picrotinic acid, although obtained from picrotin, is also related to picrotoxinin through 
its dehydration to picrotoxic acid, and it is not therefore immediately obvious to which 
series it is most closely allied. That it is actually a member of the picrotoxinin series is 
shown by its reaction with diazomethane, giving the methy] ester of the methy] ether, also 
obtained by use of methyl sulphate. §-Picrotinic acid on the other hand simply gives 
its ester when treated with diazomethane (cf. «-picrotoxinic acid). 

Bromoneopicrotoxinin (lactone) has previously been shown to be extremely readily but 
reversibly convertible into bromoneopicrotoxinic acid (hydroxy-acid). This acid and 
diazomethane merely gave bromoneopicrotoxinin. As nitrogen was rapidly eliminated 
during the initial reaction the methyl ester may well be formed initially and lactonise 
during working up. A similar explanation may account for the peculiar nature of the 
reaction product, referred to above, obtained when picrotin is methylated with methyl 
sulphate. The only well-defined homogeneous material isolated was a stable methyl 
derivative, C,,H,,»0,. Accompanying this substance is other material from which by 
fractionation may be isolated various somewhat ill-defined specimens some of which show 
the interesting property of reverting readily to picrotin. They may represent impure 
specimens of methyl esters of the mono- or di-basic acids which are formed when picrotin 
dissolves in cold dilute alkali but on acidification immediately re-form picrotin. 

The reaction between a-picrotoxinic acid and diazomethane has been reported to yield 
picrotoxinindicarboxylic ester (Sutter and Schlittler, Joc. cit.) but the reaction was carried 
out in the presence of alkali and methanol and hence cannot be interpreted unequivocally. 
We have found that the prolonged action of distilled ethereal diazomethane on a methanolic 
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Sutter and Schlittler’s “‘ Compound C”’ (Helv. Chim. Acta, 1950, 33, 902) ; 
other transformation products of ‘‘ C ’’ described by Sutter and Schlittler are 
identified accordingly. 

The reaction of picrotoxinin and related substances with alcoholic 
alkoxides has been shown to proceed in the presence of only a trace of the 
alkoxide. The nature of the product formed may vary with the amount of 
alkoxide used. 


In Part III (/., 1949, 806) the hope was expressed that methylation would be of help in 
stabilising the structures of picrotoxin and related compounds. The natural division of 
these substances into two groups, alkali-stable and alkali-unstable (Part IV, J., 1952, 1042), 
suggested the use of the silver oxide method for the latter and either this or the methyl 
sulphate method for the former. In addition, as has been shown by Sutter and Schlittler 
(Helv. Chim. Acta, 1950, 33, 902), diazomethane has potential applications. 

The parent substances picrotoxinin and picrotin (together with mneopicrotoxinin) are 
not stable to alkali, but unfortunately the silver oxide method fails to methylate them, 
and diazomethane when it reacts (as with picrotoxinin) brings about also other changes 
(see below). Dihydropicrotoxinin and picrotin are moderately stable for short periods to 
cold dilute alkali but the former was recovered unchanged after attempted methylation 
with methyl sulphate and the latter gave a complex mixture. The chief alkali-stable 
compounds are the bromopicrotoxinic acids, bromoneopicrotoxinic acid, picrotoxic acid, 
a- and 6-picrotinic acids, picrotindicarboxylic acid, and Sutter and Schlittler’s 
“Compound C”’ (Helv. Chim. Acta, 1950, 33, 902). Methylation of §-bromopicrotoxinic 
acid with methyl sulphate was described in Part III (loc. cit.) but the corresponding 
reaction with bromomneopicrotoxinic acid could not be realized. Picrotoxic and 
a-picrotinic acids and their esters, however, react smoothly to give monomethy] ethers. 

The silver oxide method has been reported to have some success when used under 
vigorous conditions (Mercer and Robertson, J., 1936, 288; Sutter and Schlittler, Joc. cit.) 
but under normal conditions we have not achieved useful results, 8-picrotinic acid, for 
example, merely giving its methyl ester. 

The use of diazomethane has hitherto been complicated by the somewhat uncertain 
nature of the reactions involved (Sutter and Schlittler, loc. cit.). It is also not clear from 
the previous work whether the changes observed are due exclusively to the diazomethane, 
or to alkali added to catalyse the reaction, or even to the traces of alkali present in 
preparations of diazomethane which have not been distilled. We therefore re-investigated 
the reactions described by Sutter and Schlittler ; in the main we confirm their experimental 
observations, but we re-interpret certain of them and correlate the substances described 
with well-known derivatives of picrotoxin. 

In the presence of added potassium hydroxide, picrotoxinin reacted with methyl 
alcohol and ethereal diazomethane to give mainly ‘‘ Compound C,”’ as already described, 
together with a small amount of dimethyl picrotoxinindicarboxylate. With no added 
potassium hydroxide, and with an excess of undistilled diazomethane, the reaction led to 
approximately equal amounts of ‘‘C’’ and the ester. By use of distilled ethereal diazo- 
methane, ‘‘ Compound C ’’ was formed practically exclusively. This variation is explained 
below. Sutter and Schlittler mention the formation of a certain amount of dimethyl 
picrotoxinindicarboxylate in this reaction; the properties of our product agree with the 
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data of Horrmann (Amnalen, 1916, 411, 273) and the positive response to periodic acid 
agrees with the observations of Conroy (J. Amer. Chem. Soc., 1951, 78, 1889). The nature 
of ‘‘ Compound C ”’ was discussed inconclusively by Sutter and Schlittler; in Part IV of 
this series a possible way in which ‘‘ Compound C”’ could be simply derived from picro- 
toxinin was suggested. It has now been identified as the methyl ether of methyl picrotoxate 
by the reactions shown in the annexed scheme. 
Ht Me,SO, 
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The other main transformation products of “‘C’’ described by Sutter and Schlittler 
are identified as follows: ‘‘ E ’’ is O-methylpicrotoxic acid; ‘‘ H ’’ is the (known) O-methyl- 
picrotoxonic acid (Horrmann and Wachter, Ber., 1916, 49, 1554); ‘‘ P’”’ is the (known) 
methyl O-methylpicrotoxonate (idem, ibid.). The differences in the reported melting 
points of ‘‘H’’ and “‘ P’”’ are of no significance, as they depend on the degree of preheating 
and rate of heating. The melting point of “‘ E,’’ however, is given as 229-5—230° whereas 
that of the product of methylation of picrotoxic acid with methyl sulphate and alkali we 
found to be 215°. We therefore repeated the preparation of ‘‘ E’’ by hydrolysis of ‘ C’”’ 
and in different preparations obtained only material varying in melting point from 215° to 
220°, indistinguishable from that obtained from picrotoxic acid. 

In one experiment where diazomethane reacted with picrotoxinin we isolated some 
methyl picrotoxate, along with its methyl ether and dimethyl picrotoxinindicarboxylate. 
As this on further treatment with diazomethane gives the methyl ether we conclude that 
methyl picrotoxate is an intermediate stage in the transformation of picrotoxinin into “ C.”’ 

In agreement with Sutter and Schlittler we found no reaction between picrotin and 
diazomethane, except in the presence of added alkali, which led merely to methanolysis. 

neoPicrotoxinin, although originally obtained from picrotoxinin, is more closely related 
to picrotin (Slater and Wilson, Nature, 1951, 107, 324), from which it may be obtained by 
dehydration, and in conformity with this view it does not react with diazomethane. 
«-Picrotinic acid, although obtained from picrotin, is also related to picrotoxinin through 
its dehydration to picrotoxic acid, and it is not therefore immediately obvious to which 
series it is most closely allied. That it is actually a member of the picrotoxinin series is 
shown by its reaction with diazomethane, giving the methyl ester of the methyl ether, also 
obtained by use of methyl sulphate. §-Picrotinic acid on the other hand simply gives 
its ester when treated with diazomethane (cf. «-picrotoxinic acid). 

Bromoneopicrotoxinin (lactone) has previously been shown to be extremely readily but 
reversibly convertible into bromoneopicrotoxinic acid (hydroxy-acid). This acid and 
diazomethane merely gave bromoneopicrotoxinin. As nitrogen was rapidly eliminated 
during the initial reaction the methyl ester may well be formed initially and lactonise 
during working up. A similar explanation may account for the peculiar nature of the 
reaction product, referred to above, obtained when picrotin is methylated with methyl 
sulphate. The only well-defined homogeneous material isolated was a stable methyl 
derivative, C,,H ,»0,. Accompanying this substance is other material from which by 
fractionation may be isolated various somewhat ill-defined specimens some of which show 
the interesting property of reverting readily to picrotin. They may represent impure 
specimens of methyl esters of the mono- or di-basic acids which are formed when picrotin 
dissolves in cold dilute alkali but on acidification immediately re-form picrotin. 

The reaction between a-picrotoxinic acid and diazomethane has been reported to yield 
picrotoxinindicarboxylic ester (Sutter and Schlittler, Joc. cit.) but the reaction was carried 
out in the presence of alkali and methanol and hence cannot be interpreted unequivocally. 
We have found that the prolonged action of distilled ethereal diazomethane on a methanolic 
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solution of «-picrotoxinic acid gives only the methyl ester. The formation of the 
dicarboxylic ester can be ascribed therefore to the action of the alkali. The reaction is 
of importance for the relation between picrotoxinin and «-picrotoxinic acid (cf. Part IV, 
loc. cit.). 

The reaction of picrotin and picrotoxinin with alcoholic solutions of alkoxides has 
been examined by Horrmann (Amnalen, 1916, 411, 273). Picrotin and methanolic sodium 
methoxide (1 mol.) gave a mixture of potassium §-picrotinate and methyl «-picrotinate. 
Picrotoxinin somewhat similarly gave potassium methyl picrotoxinindicarboxylate and 
methyl picrotoxate. We have further examined this method of opening the lactone 
systems, using mainly a trans-esterification technique (excess of alcohol and a catalytic 
amount of alkoxide). Under these conditions ring-fission occurs readily at room 
temperatures; hence, for reactions between picrotoxin derivatives and diazomethane in 
methanol-ether alkali should be excluded. The results of trans-esterification also 
emphasize the difference between picrotin and picrotoxinin. With picrotin, the use of a 
catalytic amount of sodium methoxide gives essentially the same products as are obtained 
with a molar proportion, viz.: methyl «- and §-picrotinate in approximately the same 
proportions. However, picrotoxinin in presence of 0-05—1 mole of sodium methoxide gives 
mainly methyl picrotoxate, but in presence of 0-01 mole gives mainly dimethy] picrotoxinin- 
dicarboxylate. The dihydro-derivative of the latter is identical with the main product of 
the methanolysis of dihydropicrotoxinin in the presence of about 0-02 mole of sodium 
methoxide. A by-product of the last reaction is methyl dihydropicrotoxate which is also 
formed by complete methanolysis of dihydropicrotoxinin diacetate (Part IV). By varying 
the reaction conditions this diacetate can be transformed into methyl dihydropicrotoxate 
diacetate. These inter-relations are summarized in the annexed scheme, where each 
reaction is effected by methanolic sodium methoxide, except as shown. 


Dimethy] picrotoxinin- <— Picrotoxinin —_ Methyl! picrotoxate 
dicarboxylate Cy5H 4606 C,,H,,.0, 


CasHasOy 
/ a ' 


Dimethy] dihydropicrotoxinin- <—  Dihydropicrotoxinin — > Methyl dihydropicrotoxate 
dicarboxylate Cy 5H 1,0. C,,H,,0, 


Cc 17H 2608 
sco-re| aan 


Dihydropicrotoxinin ——> Methyl] dihydropicrotoxate 
diacetate diacetate 
C19H,20, CygH 60, 


It is now possible to interpret the variations in the reaction between picrotoxinin and 
diazomethane. In general, except where distilled ethereal diazomethane is used, two 
main reactions are involved: that between picrotoxinin and methanolic diazomethane, 
which leads first to methyl] picrotoxate, and then to its methyl ether (‘‘ Substance C ’’), and 
methanolysis of picrotoxinin by sodium methoxide. The last reaction is itself composite 
and may either reinforce or oppose the formation of methyl O-methylpicrotoxate: one, 
leading to dimethyl picrotoxinindicarboxylate, proceeds at a rate little dependent on the 
amount of sodium methoxide present, but the rate of the other, leading to methyl 
picrotoxate, is dependent thereon. The reaction between picrotoxinin and methanolic 
diazomethane in the complete absence of methoxide yields only methyl O-methyl- 
picrotoxate. In the presence of a relatively large amount of methoxide the formation of 
this takes place by two routes—directly by the action of methanolic diazomethane, and 
indirectly by the action of methanolic sodium methoxide, by way of methyl picrotoxate 
which is then attacked by diazomethane. The amount of dimethyl picrotoxinindi- 
carboxylate formed by methanolysis, as seen from the separate experiments, will be small 
and the product of the overall reaction is again substantially methyl O-methylpicrotoxate. 
In the presence of a trace only of methoxide, however, methanolysis gives almost 
exclusively dimethyl picrotoxinindicarboxylate while the diazomethane reaction takes 
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its normal course. The product of the overall reaction is therefore a mixture of 
approximately equal amounts of methyl O-methylpicrotoxate and dimethyl picrotoxinin- 
dicarboxylate. 

The formation of methyl ethers from picrotoxic acid and «-picrotinic acid under the 
influence of diazomethane suggests that they are «-hydroxy-acids (cf. Part IV) and this 
view provides a ready explanation of the course of the thermal decomposition of «-picrotinic 
acid to picrotoxic acid and picrotin lactone (Horrmann e¢ al., Ber., 1912, 45, 3080; Annalen, 
1916, 411, 273). Picrotoxic acid is produced merely by dehydration, the hydroxyl group 
lost being that of the dimethylcarbinol group and not that present in the position « to the 
carboxyl group. Picrotin lactone has hitherto been regarded as isomeric with picrotoxic 
acid but its high melting point and low solubility even in dioxan (which in our experience 
readily dissolves all ‘‘ normal ’’ compounds in this series) suggest a much higher molecular 
weight. Bimolecular elimination of water is a well-known characteristic of «-hydroxy- 
acids, and picrotin lactone is probably a Cy, rather than a C,; compound. 

Methanolysis of §$-bromopicrotoxinin readily yielded methyl $-bromopicrotoxinate. 
Conversion of bromopicrotoxinin into this ester by diazomethane (Sutter and Schlittler, 
loc. cit.) was carried out in the presence of methanol and added alkali, so that again it is 
impossible to decide whether the product was really formed by the diazomethane. When 
$-bromopicrotoxinin is treated with distilled ethereal diazomethane in the presence of 
methanol slow reaction does in fact take place with the formation of methyl §-bromo- 
picrotoxinate. 

In studying the chemistry of picrotin and picrotoxinin it has proved difficult to correlate 
completely the many known transformation products. There are, however, several 
frequently observed reactions which probably depend on specific structural features and 
may therefore be used as a guide in following the transformations. The most striking of 
these are: (1) formation of a saturated, relatively insoluble monobromo-substitution 
product on treatment of an unsaturated compound with bromine water; (2) fission by 
heating with alkali; and (3) reaction witn diazomethane, leading to the methylation of a 
non-acidic hydroxyl group. As will be seen from what follows, these reactions are not 
unrelated. 

Although the course of (1) is still not completely established it is clear that the mere 
presence of a double bond is insufficient, since neither picrotoxic acid nor its methyl ester 
methyl ether reacts thus. 

We ascribe reaction (3) to the presence, in the position « to a hydroxyl group, of an 
activating group such as an ester grouping (actual or potential). 


Ho... Ji 
[Me| ——> ae 


pw af sia,” 


| 
§ (V) J (11) 


CHO H,OH 
CH,CO,- —_—_ Oo=C CH,°CO,H 


Si (IV) Y (I) 


With regard to (2) it has been suggested (Schlittler and Sutter, Ist Internat. Congr. 
Biochemistry, Cambridge, 1949; Conroy, Joc. cit.) that alkaline fission is the result of a 
reversed aldol reaction. If the five-membered ring of (II) is assumed to be present in the 
various precursors of this substance, then the essential overall change is (III) —~> 
(IV) + (V), followed by (IV) ——> (I) and (V)—~ (II). While fission at (a) can be 
viewed as independent of that at (6), the reverse is not true—fission at (b) depends on the 
formation of a carbonyl group, as in (VI), which can provide the necessary activation. If 
this view is correct then any compound in which the tertiary alcohol group of (III) is 
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absent will be stable to alkali. This absence may conceivably be absolute or relative, #.e., 
oxygen may be completely absent or the alcohol group may be converted into an alkali- 
stable group OR. In conformity with these views two groups of alkali-stable compounds 
appear to exist. The various saturated monobromo-derivatives referred to under (1) are 
alkali-stable but on debromination give rise to products (picrotoxinin, «-picrotoxinic acid, 
neopicrotoxinin) which undergo fission with alkali. This relative stability is adequately 
explained by the mechanism for the bromination reaction proposed by O’Donnell and 
Robertson (J., 1939, 1261) if the hydrogen eliminated as hydrogen bromide comes from 
the tertiary hydroxyl group : 


| Me ) 


| Me-C:CH,, 


me 


“oT (R = CH,Br) 


=. | 
= { ~- Zo | MeC-R ‘itn 
O \X | f Or — i fOr 
| 
‘LF \] vA 


The alkali-stability of picrotoxic acid and its derivatives, which is accompanied by failure 
to undergo the bromination reaction, shows clearly on both grounds that the tertiary 
hydroxyl group is absent. Two explanations suggest themselves. If Conroy’s formula 
for picrotoxinin is accepted, then the position of the ether linkage in picrotoxic acid may be 
different from that in picrotoxinin itself, leading to some such partial formulation as : 


pe me... 
Me —— * Me : 
H —O 4 
Picrotoxinin Picrotoxic acid 
We have already questioned the validity of the assumption of the presence of an ether 
linkage in picrotoxinin and until more positive evidence for its presence is forthcoming 
prefer to assume its absence. Bromoneopicrotoxinin can be converted into a monoacetate 
and, if the formation of the bromo-compound initially involves loss of hydrogen from one 
hydroxyl group, then meopicrotoxinin, and thus presumably picrotoxinin, must contain 
two hydroxyl groups. The absence of an ether linkage in picrotoxic acid would require 
its stability to alkali to be due to an absolute absence of the tertiary hydroxyl group. This 
view, that picrotoxic acid is fundamentally different in structure from picrotoxinin, is in 
conformity with the behaviour of its derivatives, dihydropicrotoxic acid and methyl 
O-methylpicrotoxate. Methyl dihydropicrotoxate is recovered unchanged after evapor- 
ation to dryness with boiling concentrated nitric acid and after oxidation at room 
temperature with alkaline permanganate. Attempts to degrade methyl O-methyl- 
picrotoxate to the aromatic state by zinc dust or selenium resulted in the recovery of 
unchanged material (e.g., with selenium at 260° or on distillation with zinc dust) or, at 
higher temperatures (e.g., with selenium at 300°), complete charring. 


EXPERIMENTAL 

Methylation of Picrotin.—Picrotin (1 g.) in dilute aqueous sodium hydroxide was methylated 
with methyl sulphate (2 g.). Further alkali was added as required and the mixture was warmed 
gently. A little concentrated hydrochloric acid was then added, precipitating a gummy 
material (A). The mother-liquor gradually deposited solid material (B). Fractions (A) and (B) 
from several preparations were combined and subjected to exhaustive fractional crystallisation 
from aqueous methanol or water. (A), which slowly solidified, thus gave methylpicrotin of 
m. p. 210°, raised by chromatography (alumina; dioxan) to 215° (Found: C, 59-0; H, 5-9; 
MeO, 7:8. C,H 0, requires C, 59:3; H, 6-2; MeO, 9-7%). It is remarkably stable to heat. 
Unlike picrotin, it is not readily soluble in dilute aqueous sodium hydroxide. The mother- 
liquors yielded a little more of this material and then a succession of fractions characterized by 
the fact that when heated from room temperature they showed high, though somewhat 
indefinite, m. p.s (>200°) but when placed in a bath pre-heated to a lower temperature (e.g., 
170°) melted immediately. E.g., the fraction immediately following the above two melted at 
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ca. 230—235° after much previous softening (Found: C, 53-4, 53-7; H, 6-35, 6-14; MeO, 1-9. 
Found, in material dried over P,O,; at 100°/20 mm.: C, 58-5; H, 6-1. Calc. for C,,H,,O,: 
C, 58-1; H, 58%). After being heated somewhat, then recrystallised, it melted at 
approximately the same temperature but no longer showed the low m. p. from a preheated bath. 
It did not depress the m. p. of picrotin. When the original material is taken up in dilute aqueous 
sodium hydroxide and then reprecipitated with hydrochloric acid, it is usually recovered as 
picrotin. Fraction (B) yielded some picrotin and various fractions showing in general qualitative 
behaviour similar to that just described. 

O-Methylpicrotoxic Acid.—Picrotoxic acid (1 g.) was methylated as above in 2N-sodium 
hydroxide solution by methyl sulphate with gentle warming. The product obtained on 
acidification was crystallised from water, treated as the sodium salt with charcoal, and finally 
recrystallised, to give the methyl ether monohydrate (Found: C, 56-3; H, 64; MeO, 8-9. 
C,,.H,,.O,,H,O requires C, 56-1; H, 6-4; 1MeO, 9-1%). It melted at ca. 215° when not placed 
in a preheated bath. If placed in a bath heated to, e.g., 170° the substance melted. 

Methylation of 8-Picrotinic Acid.—(a) $-Picrotinic acid (1 g.) was heated under reflux with 
methyl iodide (5 g.) and silver oxide (3-4 g.) in absolute methanol (20 ml.) for 2 hours. The 
solution was filtered and evaporated and the residue crystallised from water gave the ester 
(0-6 g.), m. p. 231° (Horrmann, Joc. cit., gives m. p. 231°) (Found: C, 55-8; H, 6-7; MeO, 9-3. 
Cale. for C,,H,,0,: C, 56-1; H, 6-4; 1MeO,9-1%). This m. p. is low (cf. below). 

(b) 8-Picrotinic acid was dissolved in methanol and to it was added undistilled ethereal 
diazomethane. There was an immediate dense precipitation of a white solid which was filtered 
off and crystallised from water from which it separated very slowly in small granular crystals, 
m. p. ca. 220° after-some previous softening. Recrystallization finally gave material, m. p. ca. 
240—242°, showing no depression with the above ester. 

Reaction of Picrotoxinin with Diazomethane.—(a) In the presence of potassium hyc xide. 
Picrotoxinin (2 g.) in excess of methanol was treated with ethereal diazomethane in .e presence 
of a little aqueous potassium hydroxide as described by Sutter and Schlittler (loc. cit.). 
Crystallisation of the product from methanol gave methyl O-methylpicrotoxate (1-2 g.). The 
mother-liquor yielded further amounts of this ester and a small amount of material, m. p. 185° 
after previous softening alone or mixed with material described below. 

(b) Im the absence of potassium hydroxide. Picrotoxinin (1 g.) in methanol (20 ml.) was 
treated from time to time with undistilled ethereal diazomethane until reaction appeared to be 
complete. The solvent was removed and the residue crystallised from methanol, to give a 
mixture of crystals which was separated by hand into needles and hard plates. The needles on 
recrystallisation yielded methyl O-methylpicrotoxate, m. p. 176° (120 mg.). The plates on 
recrystallisation gave no material of sharp m. p. although there was evidence of a constituent 
of m. p. above 180°. All the material, with the exception of the pure methyl O-methylpicrotoxate, 
was combined, and chromatographed in dioxan on alumina. The first eluates were rich in the 
above ester but the last fractions gave dimethyl picrotoxinindicarboxylate, m. p. 187° (Found : 
C, 57-0; H, 6-6. Calc. for C,,H,,0O,: C, 57-3; H, 68%). Further separation is possible but 
tedious. The two compounds appear to be formed in approximately equal quantities. In one 
preparation the final eluates gave methyl picrotoxate (0-1 g. from 2 g. of picrotoxinin), m. p. 
171-5° alone and mixed with the ester obtained by methanolysis (see below). 

Reaction of Picrotoxic Acid with Diazomethane.—Picrotoxic acid (1 g.) in methanol (20 ml.) 
with undistilled ethereal diazomethane gave a high yield of methyl O-methylpicrotoxate, 
m. p. and mixed m. p. 176° (Found: C, 60-5; H, 6-4; MeO, 16-9. Calc. for C,,H,,O,: C, 
60-4; H, 6-5; 2MeO, 18-1%). The same product was obtained by using distilled diazomethane, 
and chromatographic analysis of the total product failed to reveal the presence of another 
component. 

Methyl O-Methylpicrotoxate.—(a) O-Methylpicrotoxic acid and ethereal diazomethane gave 
the ester, m. p. 175—177° (from methanol). (b) Methy! picrotoxate (450 mg.), methyl sulphate 
(1 g.), and alkali gave the same product (0-3 g.), m. p. 174° (from aqueous methanol). (c) Methyl 
picrotoxate in methanol, with an excess of ethereal diazomethane, gave the ester, m. p. 175° 
(from methanol). None of the above preparations showed any depression of m. p. with that 
obtained from picrotoxinin and diazomethane, 

Methyl O-Methyl-a-picrotinate.—(a) Methyl «-picrotinate (1 g.), in the minimum quantity 
of 2N-sodium hydroxide, and methyl sulphate (2 g.) as above gave, after acidification, 
concentration, and storage, hard lustrous cubes. The ether, crystallised from water, had m. p. 
182° (0-6 g.) (Found: C, 57-8; H, 6-6; MeO, 15-6. C,,H,,O, requires C, 57-3; H, 6-8; 2MeO, 
17-4%). It is soluble in dilute aqueous sodium hydroxide and precipitated unchanged on 

7H 
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acidification, as is the case with methyl «-picrotinate, methyl picrotoxate, and methyl O-methyl- 
picrotoxate. (b) Methyl «-picrotinate (300 mg.) in methanol (10 ml.) was treated with ethereal 
diazomethane until a permanent colour remained for several hours. The solution was reduced 
in bulk and gradually large crystals of the methyl ether separated. Recrystallisation from water 
gave hard thick plates (230 mg.), m. p. 178°, showing no mixed m. p. depression with the above 
ether (Found: C, 58-0; H, 7-2; MeO, 15-8%). 

Reaction between Bromoneopicrotoxinic Acid and Diazomethane.—Bromoneopicrotoxinic acid 
(170 mg.) in methanol (10 ml.) and excess of ethereal diazomethane gave bromoneopicrotoxinin, 
m. p. and mixed m. p. 274° (decomp.) (from alcohol) (Found: C, 48-5; H, 4:5. C,;H,,O,Br 
requires C, 48-5; H, 41%). 

Reaction between a-Picrotoxinic Acid and Diazomethane.—A solution of «-picrotoxinic acid in 
methanol, treated with ethereal diazomethane (distilled or undistilled), gave a product which 
melted, after crystallisation from aqueous methanol, at 183—184° (Found: C, 59-0; H, 6-15; 
MeO, 9-5. Calc. for C,,H 0, : C, 59-3; H, 6-2; 1MeO, 9-6%). This showed no m. p. depression 
with methyl «-picrotoxinate prepared by debromination of methyl $-bromopicrotoxinate. 

Methanolysis of Picrotin.—Picrotin (1 g.) was dissolved in methanol (20 ml.), 2 drops of 
sodium methoxide solution (1 g. sodium in 25 ml. methanol) were added, and the solution was 
set aside for 12 hours. Large prisms of methyl §-picrotinate crystallised, having m. p. 234— 
236° alone or mixed with specimens prepared by the alternative routes. The mother-liquor 
yielded further amounts, the total yield being 0-58 g. Recrystallised from alcohol, the ester 
had m. p. 238° (Found: C, 55-8; H, 6-4. Calc. for C,,H,,O,: C, 56-1; H, 64%). 

An aqueous extract of the final residue from the mother-liquor, when kept in a vacuum- 
desiccator, deposited a white solid (0-4 g.), m. p. 239°. This product showed no m. p. depression 
with methyl «-picrotinate, m. p. 239°, prepared by Horrmann’s method, but a marked depression 
with methyl $-picrotinate. 

Methanolysis of Picrotoxinin.—(a) Picrotoxinin (1 g.) was dissolved in methanol (40 ml.), and 
sodium (5 mg.) was added. After a day the solution was acidified with acetic acid and 
evaporated to dryness under reduced pressure. The residue crystallised from water as fine 
white needles (0-8 g.), m. p. 170°, undepressed on admixture with methyl picrotoxate. 
(b) Picrotoxinin (500 mg.) was dissolved in methanol (20 ml.) and one drop of a solution of 
sodium methoxide (1 g. of sodium in 25 ml. of methanol) was added. After a day, the solution 
was acidified with a drop of acetic acid and evaporated to small volume. Addition of a few 
drops of water caused a copious precipitate which, crystallised from water, had m. p. 188° 
(310 mg.) (Found: C, 57-0; H, 6-6. Calc. for C,,H,sO,: C, 57-3; H, 6-7%). The product 
showed no depression in m. p. when mixed with the substance of similar m. p. obtained by the 
action of diazomethane on picrotoxinin. The diacetate was prepared by heating the product 
(400 mg.) with acetic anhydride (14 ml.) for 2 hours, pouring the whole into water (10 ml.), and 
evaporating the resulting solution to dryness. The residue, crystallised from methanol, had 
m. p. 134° (300 mg.) (Found: C, 57-2; H, 6:3; AcO, 20-3; MeO, 14-2. C,,H,,0,9 requires 
C, 57-3; H, 6:36; 2AcO, 19-5; 2MeO, 14:1%). The dihydro-derivative was prepared by 
hydrogenating the compound (200 mg.) in alcohol (15 ml.) containing concentrated hydrochloric 
acid (1 drop) and,water (2 ml.) in the presence of Adams’s catalyst. Uptake of hydrogen 
(uncorr.) was 29c.c. The product, crystallised from water, melted at 178°. 

Methanolysis of Dihydropicrotoxinin.—(a) Methanolysis of dihydropicrotoxinin (300 mg.) in 
methanol (20 ml.) to which was added one drop of sodium methoxide solution (1 g. of sodium in 
25 ml. of methanol) yielded a product which on crystallisation from water melted at 178° (yield, 
180 mg.) and showed no mixed m. p. depression with the above dihydro-derivative. The 
aqueous mother-liquors, when kept for several days in a vacuum-desiccator, deposited heavy 
white needles, m. p. 210° (40 mg.), showing no m. p. depression with methyl dihydropicrotoxate 
(see below) or with the product of methanolysis of the diacetate of dihydropicrotoxinin (see below). 
(6) Dihydropicrotoxinin (1 g.), methanol (40 ml.), and sodium methoxide (from 5 mg. of sodium), 
after being kept overnight and worked up in the usual way, yielded methyl dihydropicrotoxate, 
m. p. 210° (750 mg.), showing no depression with the material described below. 

Methyl Dihydropicrotoxate.—Hydrogenation of methyl f#fcrotoxate (180 mg.) in alcohol in the 
presence of Adams's catalyst resulted in the rapid absorption of hydrogen (20 c.c., at room 
temp. and pressure) to give the saturated ester (120 mg.), m. p. 210° (from water). 

Methanolysis of Dihydropicrotoxinin Diacetate.—(a) Dihydropicrotoxinin diacetate, dissolved 
in methanol and treated with a drop of sodium methoxide solution, gave after being worked up 
in the usual way a substance which, crystallised from water, had m. p. 222° (Found: C 583; 
H, 6-45. C,.H,,O, requires C, 58-5; H,6-3%). (b) The diacetate (500 mg.) in methanol (30 c.c.) 
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was treated with sodium methoxide (1-5 c.c. of a solution of sodium, 1 g., in methanol, 25 c.c.) and 
set aside overnight. Worked up in the usual way the product (methyl dihydropicrotoxate) 
crystallised from water in needles, m. p. 211° (Found: C, 58-6; H, 6-7; MeO, 9-3; AcO, nil. 
Calc. for C,,H,,.O,: C, 58-9; H, 6-75; 1MeO, 9-5%). 

Methanolysis of Bromopicrotoxinin.—$-Bromopicrotoxinin (1 g.) in methanol was treated 
with a drop of sodium methoxide solution; working up in the usual way gave a product, m. p. 
225° (from methanol) alone or mixed with methyl 8-bromopicrotoxinate prepared from the acid 
by methanol-sulphuric acid or diazomethane. 

Reaction of Bromopicrotoxinin with Diazomethane.—$-Bromopicrotoxinin (4 g.) in excess of 
methanol containing some dioxan was treated with distilled ethereal diazomethane until 
reaction was complete and then worked up in the usual way, to give a product (3-37 g.; m. p. 
224°) showing no mixed m. p. depression with the above ester. The debrominated ester melted 
at 184° and the bromo-acid at 247°, 

Bromoneopicrotoxinin Acetate.—Bromoneopicrotoxinin (70 mg.) was set aside overnight with 
acetic anhydride (8 ml.) and pyridine (1 ml.) and then refluxed 10 minutes. Worked up in the 
usual way and finally crystallised from alcohol, the acetate had m. p. 270° (decomp.) (Found : 
C, 48-5; H, 4:3; AcO, 10-3. C,,H,,0,Br requires C, 49-4; H, 4:1; AcO, 10-4%). In two 
further independent preparations low values for carbon were again obtained (48-4; 48-1%). 
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429. The Cardio-active Glycosides of Strophanthus sarmentosus P.DC. 
** Sarmentoside B’’ and its Relation to an Original Sarmentobioside. 
By R. K. CALLow and D. A. H. TAyYLor. 


The ‘‘ sarmentoside B,’’ separated as an acetate from the glycosides present 
in the savannah form of Strophanthus sarmentosus P.DC., is a partially 
acetylated sarmentogenin digitaloside-glucoside derived from an original 
glycoside which was not isolated in crystalline form. Products of hydrolysis 
have been identified and constitutions confirmed by degradation to known 
pregnane and etianic acid derivatives. 


In the course of fractionation of the glycosides of certain batches of seeds of Strophanthus 
sarmentosus P.DC. a material is obtained, in the portion most soluble in water, from which 
a finely crystalline acetate can be prepared. Schmutz and Reichstein (Pharm. Acta Helv., 
1947, 22, 167) obtained this acetate from a sarmentogenin-containing seed of unknown 
origin; Callow, Meikle, and Taylor (Chem. and Ind., 1951, 336) obtained it from seed of the 
** savannah ’’ form of S. sarmentosus; Professor T. Reichstein has found it, so he informs us, 
in the seeds of Strophanthus species M.P.D. 50 when this has not been submitted to enzymic 
action, although von Euw, Reber, and Reichstein (Helv. Chim. Acta, 1951, 34, 413) at first 
did not report its presence in these seeds. 

From this acetate Schmutz and Reichstein obtained, by hydrolysis with potassium 
hydrogen carbonate, a material, presumed to be the original glycoside, which was called 
“* sarmentoside B.’’ In our work on Northern Nigerian seeds we have obtained an identical 
substance by hydrolysis of this acetate with barium hydroxide in anhydrous methanol. 
The hydrolysis of ‘‘ sarmentoside B ’’ by the Mannich—-Siewert method yielded, in the hands 
of Schmutz and Reichstein (loc. cit.), two sugars, glucose and digitalose, and a material 
“‘sarmentosigenin B’’ to which the formula C,,H,,0, was assigned. The microscopic 
amounts of material then available precluded further examination. 

In our hands hydrolysis by the Mannich—Siewert method and, more harshly, by boiling 
10% (v/v) methanolic sulphuric acid, has given the same two sugars and products which are 
closely related to sarmentogenin, C,,H,,0,, and not, as the earlier work suggested, to a 
genin with one more oxygen atom. 
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The Mannich-Siewert hydrolysis yielded (i) some sarmentogenin, (ii) a substance which 
is a partially acetylated sarnovide (sarmentogenin digitaloside), since acetylation yields 
sarnovide triacetate, and (iii) an amorphous material which is sarmentogenin 11-acetate (I), 
since acetylation and oxidation by permanganate yield 38 : 1la-diacetoxy-148-hydroxy- 
etianic acid (II), identified as the methyl ester. 


Sarmentogenin-digitalose-glucose (? acetylated) 
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Hydrolysis of “‘ sarmentoside B ”’ or of its acetate with methanolic sulphuric acid yielded 
(i) sarmentogenin, (ii) a substance which, following the convention of Fieser and Fieser 
(“ Natural Products Related to Phenanthrene,’’ Reinhold Pub. Corp., New York, 1949, 
p. 534) must be named “6 ’’-anhydrosarmentogenin, although described by Tschesche 
and Bohle (Ber., 1936, 69, 2479) as a-anhydrosarmentogenin, and (iii) ‘‘ 8 ’’-anhydro- 
sarmentogenin ll-acetate. The ‘‘8’’-anhydrosarmentogenin (III) is identical with the 
substance obtainable from sarmentogenin by dehydration, and yields the 3 : 11-diacetate 
obtainable also from the 11-monoacetate. 

“‘ Sarmentoside B ”’ can, therefore, be assumed to be 11-acetylsarmentogenin digitaloside- 
glucoside, possibly with acetyl groups also in the sugar residues. The original, natural 
glycoside is probably not acetylated, at least in the sarmentogenin or digitalose portions, 
for von Euw, Reber, and Reichstein (loc. cit.) obtained sarnovide, t.e., sarmentogenin 
digitaloside, presumably a hydrolysis product of the original bioside, by fractionation after 
enzymic hydrolysis from seeds of M.P.D. 50, whilst we (and also Professor Reichstein himself) 
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obtained sarmentoside B acetate from the same seeds. ‘‘ Sarmentoside B ’’ has a partition 
coefficient, K, of 11-6 between n-butanol and water, whilst the original glycoside has a 
value of K of about 1-5. The latter material, separated in a countercurrent fraction (Callow, 
Meikle, and Taylor, Joc. cit.), has not been obtained crystalline. 

As a further confirmation of the conclusions about structure, “‘ 8 ’’-anhydrosarmen- 
togenin from ‘‘ sarmentoside B’’ has been degraded to known pregnane and etianic acid 
derivatives, by adopting the method used by Lardon (Helv. Chim. Acta, 1949, 32, 1517) in 
the degradation of periplogenin: the diacetate of ‘8 ’’-anhydrosarmentogenin (III) is 
brominated to protect the 14: 15-double bond and then, by ozonolysis followed by mild 
hydrolysis, converted into the amorphous 38 : 11«-diacetoxy-21-hydroxypregn-14-en-20- 
one (IV), which, by successive acetylation, hydrogenation, and reoxidation gives 38 : 1la: 21- 
triacetoxypregnan-20-one (V) which was degraded to methyl 38 : 1l1«-diacetoxyetianate 
(VI). Also, periodate oxidation of 38 : 1la-diacetoxy-21-hydroxypregn-14-en-20-one (IV) 
gave 38 : 1la-diacetoxyeti-14-enic acid (VII), identical with a specimen prepared by the 
dehydration of methyl 38: 1la-diacetoxy-14$-hydroxyetianate with phosphorus 
oxychloride. 

The discovery that ‘‘ sarmentoside B’”’ is a sarmentogenin derivative enhances the 
possible value of the seeds of the savannah form of S. sarmentosus as a source of 11-oxy- 
genated steroids, for, by the process described below, 0-27°% of sarmentogenin and 0-86% 
of sarmentoside B acetate can be obtained. 

[Note added, March 19th, 1952.] Professor Reichstein, with great courtesy, has informed 
us of his own results in this field, which are to be published in Helv. Chim. Acta at the same 
time as our communication. We have exchanged specimens of seeds and reference com- 
pounds, and he concludes that apparent differences in “‘ sarmentoside B ’’ content of his and 
our seeds were simply due to the fact that the fermentation process he uses leads to degrada- 
tion to sarnovide. Professor Reichstein suggests that.the original glycoside (not yet 
isolated) should be named “‘ sargenoside,’’ from which are derived the partially acetylated 
sargenoside, probably the diacetate (‘‘sarmentoside B’’) and sargenoside hexa-acetate 
(‘‘ sarmentoside B acetate ’’). The same conclusions as to the constitution of ‘‘ sarmen- 
toside B ’’ have been reached independently in the two Laboratories. 


EXPERIMENTAL 

M. p.s were determined on the Kofler micro-apparatus. Optical rotations were determined 
ina 4-dm.tube. Microanalyses were by Drs. Weiler and Strauss. 

Extraction of Seeds.—Strophanthus sarmentosus seeds (5 kg.) from Katsina, Nigeria, were 
mixed with about one-half of their weight of kieselguhr and ground finely in a disintegrator mill. 
The powder was then extracted thoroughly with methylated spirit in a Soxhlet apparatus, and 
the extract concentrated to about 3 1. under reduced pressure. The extract was then diluted 
with about one 1. of water to aid the separation of the layers and repeatedly extracted with 
light petroleum. When further extraction removed no more chlorophyll from the extract, the 
latter was concentrated to small volume and then taken up in 50% aqueous methanol (4 1.) to 
which was added sufficient sulphuric acid to bring the pH of the solution to about 1. The 
extract was then washed with sufficient chloroform to form a layer of about 100 c.c. and then 
again with light petroleum. No difficulty with emulsification was experienced during the 
extraction procedure provided that the solution of glycosides was kept fairly concentrated. 
The aqueous methanolic extract was then refluxed for 0-5 hour, cooled, and extracted with 
chloroform (3 x 1 1.). The chloroform extracts were combined, washed with water, and 
evaporated. The residue crystallised on the addition of a little methanol, and on recrystallisa- 
tion from methanol furnished sarmentogenin (13-5 g.), m. p. 270—273°. 

The aqueous-alcoholic layer from the hydrolysis was neutralized with calcium carbonate, 
filtered, evaporated under reduced pressure to 750 c.c., and extracted five times with an equal 
volume each time of 2: 1 chloroform-ethanol. The lower layers were combined and evaporated. 
The residue (300 g.), which still contained solvent, was dissolved in pyridine (500 c.c.) and 
treated with cooling with acetic anhydride (700 c.c.) and kept at room temperature for 24 hours. 
Methanol (500 c.c.) was then added with cooling to destroy excess of acetic anhydride, and the 
whole evaporated in a vacuum to small volume. The residue was taken up in chloroform 
(1-5 1.), washed with dilute hydrochloric acid and water, dried, and evaporated. The residue 
was taken up in ethanol (500 c.c.) and kept overnight. Crystals (43 g.), m. p. 272—274°, 
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separated and were collected. By recrystallisation from methanol-chloroform, sarmentoside 
B acetate was obtained as felted needles, m. p. 282°, [x]) —11° in chloroform (Found : C, 592; 
H, 6-9; Ac, 24-6. Calc. for C,,H,,O,,: C, 59-7; H, 7-05; Ac, 26-8%). 

“ Sarmentoside B’’.—Sarmentoside B acetate (13 g.) was dissolved in methanol (2 1.) 
and treated at 0° with 0-3N-barium hydroxide in methanol (15 c.c.). After being kept 
overnight in the refrigerator, the solution was neutralised with 0-]1N-sulphuric acid (45 c.c.), 
filtered with the aid of a little Celite, and evaporated under reduced pressure. The residue was 
taken up in acetone (50 c.c.) and set aside after the addition of ether (50 c.c.). After three 
recrystallisations from methanol there was obtained sarmentoside B (6 g.) showing a double 
m. p. 193—195° and 266—270°, [a]#* 3-4° (c, 1-85 in acetone) (Found: C, 59-1; H, 7-6. Cale. 
for C,;,H;,0,,: C, 60-4; H, 7-7. Calc. for C,JH,,O,,: C, 60-3; H, 7-5%). Reacetylation of a 
specimen of this substance gave sarmentoside B acetate m. p. 282°, showing no depression of 
m. p. admixed with the original material. 

We are indebted to Dr. G. F. Somers at the London University School of Pharmacy who 
determined approximately the cardiac toxicity of sarmentoside B. His results indicated an 
activity of the order of 1/50th of that of digitoxin. This is concordant with the low toxicity of 
the material of Schmutz and Reichstein (loc. cit.) reported by Chen. 

Mannich—Siewert Hydrolysis of Sarmentoside B.—Sarmentoside B (18 g.) in acetone (1200 
c.c.) was treated with concentrated hydrochloric acid (12 c.c.) and kept at room temperature for 
11 days. The solution was then evaporated to 300 c.c. under reduced pressure and diluted 
with water (300 c.c.), and the remaining acetone removed in a vacuum. After the addition of 
methanol (300 c.c.) the solution was refluxed for 0-5 hour, cooled, and extracted with chloroform 
(3 x 300c.c.). Evaporation of the chloroform layers gave a white foam (6 g.). A similar foam 
(5 g.) was obtained by extracting the aqueous layer with n-butanol (3 x 300 c.c.). This was 
soluble in water and presumably still glycosidic in nature. 

The chloroform extract was dissolved in chloroform (200 c.c.), diluted with benzene (200 c.c.) 
and chromatographed on acid-washed alumina (180 g.). The first fraction (1-2 g.), eluted with 
chloroform—benzene (3: 2), remained amorphous. It gave a positive Legal reaction, and with 
concentrated sulphuric acid gave a yellow colour, slowly becoming blue, indistinguishable from 
the colour reaction given by sarmentogenin. The second fraction, eluted with pure chloroform, 
crystallised readily from methanol, and after several recrystallisations furnished a substance 
(300 mg.), m. p. 154° and 237°, [a]#? +8° (c, 0-22 in ethanol) (Found: C, 61:3; H, 8-3. 
C32Hy,O19,H,O requires C, 61-1; H, 8-28%). Acetylation furnished sarnovide triacetate, m. p. 
288—291°, [«]j) +8° in methanol, showing no depression of m. p. mixed with a specimen kindly 
supplied by Professor Reichstein (Found: C, 64-1; H, 8-0. Calc. for Cy,H,,0,,: C, 64-3; 
H, 7:9%). The remaining fractions (total, 4 g.) eluted from the column with chloroform— 
methanol remained amorphous. 

Oxidation of Fraction 1.—The material (1-2 g.) obtained as described above was acetylated 
at room temperature overnight with pyridine (10 c.c.) and acetic anhydride (10 c.c.), and the 
amorphous acetate obtained on evaporation was dissolved in acetone (60 c.c.) and oxidised with 
solid potassium permanganate (1-3 g.). After working up in the usual manner there were 
obtained an acid fraction (0-64 g.) and a neutral fraction (0-75 g.) which was reoxidised. After 
three successive oxidations in this manner the total acid product was esterified with diazo- 
methane and chromatographed in light petroleum—benzene on a column of acid-washed alumina 
(30 g.). The benzene eluate crystallised from methanol and yielded methyl 38 : 1la-diacetoxy- 
148-hydroxyetianate (200 mg.), m. p. 168°, [«]#? +16-8° (c, 0-15 in chloroform) (Found: C, 
66-25; H, 8-2. Calc. for C,;H,,0,: C, 66-6; H, 85%). The mixed m. p. with an authentic 
sample showed no depression. 

Further Treatment of the Residues from the Mannich-Siewert Hydrolysis —The material 
extracted by butanol (5 g.) was combined with the third fraction from the chromatography 
described above (4-0 g.) and refluxed for 0-5 hour with a 10%(v/v) solution of sulphuric acid in 
ethanol (250 c.c.). After cooling, the solution was diluted with water (250 c.c.), and the ethanol 
removed under diminished pressure. Extraction with chloroform gave a pale gum (5 g.) which 
was dissolved in a little chloroform, diluted with benzene, and chromatographed on acid-washed 
alumina (150 g.). The eluate (580 mg.) obtained with a 10% solution of chloroform in benzene 
crystallised from methanol and yielded “‘8’’-anhydrosarmentogenin 11-acetate (270 mg.), m. p. 253° 
(Found: C, 72-9; H, 8-5. (C,,;H,,0,; requires C, 72-4; H, 8-2%), [a]#’® —35-9° in methanol 
(c, 0-25), [x]? —62°, [«]3%.. —77° in chloroform (c, 0-33). Acetylation gave ‘ § ’’-anhydro- 
sarmentogenin diacetate, m. p. 205—206°, [a]j} —39-6° (c, 0-34 in chloroform), giving no 
depression of m. p. on admixture with an authentic specimen. 
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The eluate obtained with chloroform—benzene containing increasing amounts of chloroform and 
finally with pure chloroform crystallised from methanol, to give “ 8 ”-anhydrosarmentogenin 
(2-5 g.), m. p. 128°, [«]# —17-2° +0-5° (c, 0-52 in chloroform) (Found: C, 71-05; H, 8-7. Cale. 
for C,,H;,0,,H,O: C, 70-95; H, 865%). Finally chloroform containing 10% of methanol 
gave an eluate (350 mg.) which on crystallisation from methanol furnished sarmentogenin 
(150 mg.), m. p. 273°, [a}}? +21° + 1° (c, 0-35 in methanol). 

Sulphuric Acid Hydrolysis of Sarmentoside B Acetate-—Sarmentoside B acetate (10 g.) ina 
10% (v/v) solution of sulphuric acid in methanol (125 c.c.) was refluxed for 0-5 hour and then 
diluted with water (125c.c.). Extraction with chloroform yielded a pale gum (3-5 g.) which was 
taken up in benzene and chromatographed on alumina (80 g.). Chloroform—benzene (1 : 10) 
eluted “ 8 ’’-anhydrosarmentogenin (1-05 g.), m. p. 128°; and 5% methanol in chloroform finally 
gave sarmentogenin (250 mg.), m. p. 273°. If the hydrolysis of the acetate was carried out by 
refluxing the solution for 1 hour almost the entire product could be obtained as “‘ 8 ’’-anhydro- 
sarmentogenin, which then crystallised directly on evaporation of the chloroform extract. 

“8 ”-Anhydrosarmentogenin.—Sarmentogenin (2-5 g.) was dissolved in 10% methanolic 
sulphuric acid (100 c.c.) and refluxed for 0-5 hour. After dilution with water (100 c.c.) the 
solution was extracted with chloroform (2 x 100 c.c.), and the extract washed, dried, and 
evaporated. The residue crystallised from methanol, to give “ 8 ’’-anhydrosarmentogenin, 
m. p. 128°, with solvent of crystallisation lost on fusion. Recrystallisation from ethyl acetate 
gave the anhydrous material, m. p. 210—212°, [a] —25-9°, [«j#{., —32-0° (c, 1-08 in chloroform) 
(Found: C, 74:5; H, 85. Calc. for C,,H;,0,: C, 74:2; H, 8-7%). Acetylation gave the 
diacetate, m. p. 206°, [a«]j} —39° + 2° (c, 0-5 in chloroform) (Found: C, 70-7; H, 7-85. 
Calc. for C,,H;,0,: C, 71-0; H, 7-9%). 

Molecular-votation Differences in ‘‘ %’’-Anhydrosarmentogenin and its Acetates—These are in 
accordance with the constitution assigned, for [/], 3-ol 1l-acetate minus [M), 3: 11-diol is — 161° 
(in chloroform), which may be compared with the value for position 11 of AOAc(«) —AO(a) = 
— 149° quoted by Barton and Klyne (Chem. and Ind., 1948, 755), whilst [M]p 3 : 11-diacetate 
minus [M)}, 3-ol 1l-acetate is +76° (in chloroform) compared with the value for position 3 in 
the 5-n-series of AOAc(8) — AO(8) = +17°. 

Methyl 38 : 11a-Diacetoxy-148-hydroxyetianate.—Sarmentogenin (2 g.) was dissolved by gentle 
warming in a mixture of pyridine (20 c.c.) and acetic anhydride (20 c.c.) and left overnight at 
room temperature. The solution was then cooled, diluted with methanol (20 c.c.), and 
evaporated under reduced pressure. The residual amorphous acetate crystallised when seeded 
with a specimen of the acetate kindly sent to us by Professor Reichstein and then melted over the 
range 130—150°. Even after chromatography the melting range could not be improved. The 
crude acetate was found satisfactory for all purposes. 

The crude acetate obtained as described above was dissolved in ethyl acetate (150 c.c.) and 
ozonised at — 80° until the solution became deep blue. After warming to room temperature the 
solution was treated with zinc powder (2 g.) and acetic acid (10 c.c.) and left with occasional 
shaking fora further 0-5hour. After filtration, washing, and drying, the solution was evaporated 
under reduced pressure, and the residual white foam (2-6 g.) dissolved in methanol (150 c.c.). 
The solution was then treated with potassium hydrogen carbonate (2 g.) in water (75 c.c.), left 
overnight at room temperature, diluted with water (75 c.c.), and extracted with chloroform 
(2 x 150c.c.). The extract was washed, dried, and evaporated, to give crude 38 : 1la-diacetoxy- 
14 : 21-dihydroxy-148-pregnan-20-one (2-34 g.) as a white foam. 

This was treated in dioxan (90 c.c.) with a solution of periodic acid (3-6 g.) in water (26 c.c.). 
Next morning the solution was diluted with water (40 c.c.), concentrated under reduced pressure 
to remove most of the dioxan, and extracted with ethyl acetate. The organic layer was then 
washed with 0-1N-sodium carbonate (100 c.c.), the aqueous layer acidified, extracted with 
chloroform, and the extract dried and evaporated. The residue (1-38 g.) was esterified with 
excess of ethereal diazomethane, the excess of reagent decomposed with a little glacial acetic 
acid, and the solvent evaporated. The residue crystallised readily from methanol and after 
recrystallisation methyl 38 : 1la-diacetoxy-148-hydroxyetianate (1-108 g.) was obtained as 
flakes, m. p. 168°, [a]}? +18-9° (c, 0-38 in chloroform), showing no depression of m. p. on admixture 
with the previous specimen. 

Methyl 38 : 1la-Diacetoxyeti-14-enate (from Methyl 38 : 11a-Diacetoxy-148-hydroxyetianate).— 
The last-named ester (942 mg.) was dissolved in anhydrous pyridine (12 c.c.) and freshly re- 
distilled phosphorus oxychloride (3 c.c.) added. After the addition of one drop of water the 
mixture was kept at room temperature overnight, and then poured into a mixture of ice and 
ether. The ethereal layer was separated, washed with dilute hydrochloric acid, aqueous sodium 
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carbonate, and water, dried, and evaporated. The residue was taken up in light petroleum and 
chromatographed on a column of 25 g. of acid-washed alumina. The petroleum eluate crystal- 
lised and after recrystallisation from methanol yielded methyl 38 : 1la-diacetoxyeti-14-enate 
(680 mg.) in large hexagonal plates, m. p. 117—120°, [a)7?* 5° + 0-5° (c, 1-0 in chloroform) 
(Found: C, 69-4; H, 8-35. C,;H;,O, requires C, 69-35; H, 8-3%). 

Methyl 38: 1la-Diacetoxyetianate-—Methyl 38 : 1l1«-diacetoxyeti-14-enate (2:75 g.) was 
dissolved in ethyl acetate (100 c.c.) and one drop of 70% perchloric acid added. The solution 
was then hydrogenated over 200 mg. of platinum oxide catalyst. In 20 minutes 183 c.c. of 
hydrogen were taken up (calc., 177 c.c.); the uptake of hydrogen then ceased. After filtration 
from catalyst the solution was washed with sodium hydrogen carbonate solution, dried, and 
evaporated. The residue, which was largely crystalline, was dissolved in light petroleum and 
chromatographed on alumina (100 g.). The first fractions eluted with light petroleum crystal- 
lised from ether, to give a compound (0-5 g.), m. p. 138—I141°, [a]#} +44° + 2° (c, 0-85 in chloro- 
form), which is probably methyl 38 : lla-diacetoxy-14-isoetianate (cf. Meyer, Helv. Chim. 
Acta, 1949, 32, 1599) (Found: C, 68-95; H, 8-8. Calc. for C,,H,;,0,: C, 69-1; H, 88%). 
Subsequent fractions crystallised from ether, to give methyl 38 : 1la-diacetoxyetianate (1-75 g.), 
m. p. 180—181°, [«]}} +26-6° + 0-3° (c, 0-61 in chloroform) (Found: C, 68-8; H, 91. Cale. 
for C,;H,,0,: C, 69-1; H, 8-8%). 

38 : Lla-Diacetoxy-21-hydroxypregn-14-en-20-one.—‘ 8 ’’-Anhydrosarmentogenin _ diacetate 
(800 mg.; from sarmentoside B) was treated in ethyl acetate (20 c.c.) at 0° with bromine (250 mg.) 
in ethyl acetate (5 c.c.). After 0-5 hour at 0° the mixture was cooled to — 80° and ozonised. 
The solution did not become blue in this case, but ozonolysis was continued for twice the time 
calculated from ozonolyses of sarmentogenin acetate with the same ozoniser. After warming 
to 0° the solution was treated with zinc powder (2 g.) and acetic acid (5 c.c.), and the solution 
left for 0-5 hour at room temperature. After filtration and washing with aqueous sodium 
hydrogen carbonate the solution was evaporated. The residue (about 800 mg.) was dissolved 
in methanol (120 c.c.) and treated with potassium hydrogen carbonate (1-6 c.c.) in water (60 c.c.). 
After being kept overnight the solution was diluted with water (60 c.c.) and extracted with 
chloroform. Evaporation of the extract left crude 38: lla-diacetoxy-21-hydroxypregn-14- 
en-20-one (750 mg.) as a white foam. 

Methyl 38: 1la-Diacetoxyeti-14-enate (from 38: lla-Diacetoxy-21-hydroxypregn-14-en-20- 
one).—38 : 1la-Diacetoxy-21-hydroxypregn-14-en-20-one (750 mg.) was treated in dioxan 
(45 c.c.) with periodic acid (1-5 g.) in water (12c.c.).. After being kept overnight the solution was 
diluted with water (45 c.c.), the dioxan removed in vacuo, and the aqueous remainder extracted 
with ethyl acetate. The acid part of the extract was separated in the usual way and esterified 
with diazomethane. The ester thus obtained was chromatographed on alumina (15 g.); the 
light petroleum eluates crystallised from ether and yielded methyl 38 : 1l«-diacetoxyeti-14- 
enate (370 mg.), m. p. and mixed m. p. 117—120°. 

38 : lla : 21-Triacetoxypregnan-20-one.—Crude 38: lla-diacetoxy-21-hydroxypregn-14-en- 
20-one (1-5 g.) obtained as described above was acetylated overnight with pyridine (6 c.c.) and 
acetic anhydride (6c.c.)._ The solution was then diluted with methanol (20 c.c.) and evaporated 
to dryness in vacuo. The residue was taken up in benzene (60 c.c.) and light petroleum (60 c.c.), 
and chromatographed on acid-washed alumina (60 g.). Benzene eluted 850 mg. of a colourless 
gum which had a strong reducing action on ammoniacal silver nitrate solution. The gum was 
taken up in acetic acid (50 c.c.) and hydrogenated over Adams’s catalyst, filtered from the 
catalyst, and re-cxidised with 10% aqueous chromic acid solution (2-5 c.c.) at room temperature 
overnight. The solution was then diluted with water (250 c.c.), extracted with ether, and worked 
up in the usual manner. The residue crystallised and on recrystallisation from methanol 
38 : lla : 21-triacetoxypregnan-20-one (570 mg.) was obtained in long needles, m. p. 180—181°, 
[a]? +63° + 3° (c, 0-25 in methanol) (Found: C, 67-8; H, 8-1. C,,H, O, requires C, 68-1; 
H, 8-4%). 

Methyl 38 : 1la-Diacetoxyetianate (from 38 : lla : 21-Triacetoxypregnan-20-one).—38 : lla: 21- 
Triacetoxypregnan-20-one (80 mg.) was dissolved in methanol (10 c.c.) and treated with potassium 
hydrogen carbonate (80 mg.) in water (2 c.c.). Next morning the ketol was worked up as usual, 
and then oxidised with periodic acid (100 mg.) in dioxan (10 c.c.) and water (1 c.c.). Esterifica- 
tion of the acid product with diazomethane gave, after recrystallisation from ether, methyl 
38 : Lla-diacetoxyetianate (49 mg.), m. p. 181—182°, [a]? +26° (c, 0-3 in chloroform), which 
gave no depression of m. p. on admixture with an authentic sample. 
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430. Some Bisquaternary Salts. 
By D. D. Lipman, D. L. Paty, and R. SLAcK. 


A series of bisquaternary salts has been prepared (for pharmacological 
study) in which two heterocyclic nuclei are joined by a polymethylene chain 
attached to the quaternary nitrogen atoms. 


POLYMETHYLENE BISAMMONIUM SALTS have been shown to have considerable activity 
in paralysing transmission in autonomic ganglia (Barlow and Ing, Brit. J. Pharmacol., 
1948, 3, 298; Paton and Zaimis, ibid., 1949, 4, 381), and in particular hexamethylenebis- 
trimethylammonium salts (‘‘ Hexamethonium’’ salts) have found application in the 
treatment of both hypertension and peptic ulceration. It has been reported (Collier and 
Taylor, Nature, 1949, 164, 491; Taylor, J., 1951, 1150) that when the ammonium groups 
are derived from heterocylic compounds and are separated by a chain of ten carbon atoms 
the salts possess high neuromuscular blocking activity. One such compound, hexa- 
methylenebis-1-1’-methylpiperidinium di-iodide, has been described by von Braun (Ber., 
1910, 43, 2860) and, when pharmacological examination of this compound gave promising 
results, we prepared salts in which the chain length and the heterocyclic component were 
varied. Several of these were considerably more active than ‘‘ Hexamethonium ”’ salts. 
The compounds from unsaturated heterocyclic compounds were less active than those 
from simple saturated analogues. 

Three general methods of preparation were used. The N-methyl or N-ethyl saturated 
(Method A) or unsaturated heterocyclic base (Method B) was heated in alcohol with less 
than 0-5 mol. of polymethylene dihalide. In some cases it was advantageous to heat 
the base in acetone solution with the dibromide and an equivalent of sodium iodide, and 
to isolate the quaternary di-iodide. Alternatively, 2 mols. of the saturated ring-compound 
were condensed with the polymethylene dibromide, and the resulting diacid base treated 
with methyl or ethyl iodide (Method C). In the case of piperazine one of the nitrogen 
atoms was protected by a carbethoxy-group, which was ultimately removed by acid 
hydrolysis. In Method D, a diamidine was condensed with acetylacetone in pyridine, 
and the polymethylenebispyrimidine treated with methyl iodide. Condensation of hexa- 
methylenediamine with tetramethylene dibromide yielded as isolable products a mixture 
of 1 : 6-dipyrrolidino-n-hexane and 6-pyrrolidino-n-hexylamine, which were separated by 
distillation and treated with methyl iodide (Method E) ; this avoids the use of the relatively 
inaccessible pyrrolidine, which is most conveniently prepared by the lithium aluminium 
hydride reduction of succinimide (cf. the reduction of phthalimide by Uffer and Schlittler, 
Helv. Chim. Acta, 1948, 31, 1399). 


EXPERIMENTAL 

1 : 4-Dimethylpiperidine.—4-Methylpiperidine (58 ml.) was added with cooling to 98% 
formic acid (60 ml). 40% Aqueous formaldehyde (60 ml.) was added, and the solution was 
heated on the steam-bath overnight. After the addition of excess of concentrated hydrochloric 
acid, the solution was evaporated to a paste. Excess of 50% potassium hydroxide solution was 
added, and the base distilled off, dried (KOH), and distilled, as a colourless oil, b. p. 125° (Found : 
N, 12-4. C,H,,N requires N, 12-1%). 

1 : 6-Dimorpholinohexane.—1 : 6-Dibromohexane (24 g.), morpholine (102 g.), and dry 
benzene (100 ml.) were heated under reflux for 16 hours. The mixture was cooled and poured 
into excess of 2N-hydrochloric acid, and the aqueous layer was washed with benzene. The 
aqueous solution was strongly basified with sodium hydroxide and extracted with ether. The 
extract was dried (MgSO,) and evaporated; distillation gave the base (13 g., 52%), prisms, 
m. p. 41°, b. p. 190°/11 mm. (Found : C, 65-3; H, 10-7; N, 10-7. C,,H,,O,N, requires C, 65-6; 
H, 10-9; N, 10-9%). 

Hexamethylenebis-1-4-carbethoxypiperazine was similarly obtained, and crystallised from 
light petroleum in colourless needles, m. p. 75° (Found: N, 13-9. Cy H,,0,N, requires 
N, 14:1%). 

Reaction of Hexamethylenediamine with Tetramethylene Dibromide.—Hexamethylenediamine 
(11-6 g., 0-1 mol.), potassium carbonate (28 g., 0-2 mol.), and dry ethanol (100 ml.) were heated 
under reflux. Tetramethylene dibromide (43-2 g., 0-2 mol.) was added dropwise during 1 hour, 
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and heating was continued a further 6 hours. The solvent was evaporated, and the residue was 
treated with 30% aqueous sodium hydroxide. The basic products were extracted into ether, 
which was dried (MgSO,) and distilled, giving impure 6-pyrrolidino-n-hexylamine (2 g., 12%), 
b. p. 127—129°/12 mm. (Found: N, 15-9. Calc. for C,sH,N,: N, 165%), and 1: 6- 
dipyrvolidino-n-hexane (3-4 g., 30%), b. p. 148—151°/12 mm. (Found: N, 12-45. C,,H,,N, 
requires N, 12-5%). 

1-6’-Dimethylamino-n-hexylpyrrolidine Dimethiodide.—6-Pyrrolidino-n-hexylamine (3-4 g.) 
and methyl iodide (11-5 ml.) were added to a solution of sodium hydroxide (5-6 g.) in methanol 
(60 ml.), heated under reflux for 4 hours, and then evaporated to.dryness. The residual salt was 
extracted with ether and with hot acetone, then crystallised from dry ethanol, and formed 


Method 
X{A*(CH,] n° A}X Found, % Reqd. 
A x M. p. Formula , ‘i 
2-(1 : 4: 6-Trimethylpyrimidy]) 240° * C,,H;.N,I, 
; e “ 243* C,,H,,N,I; 
€ - 198* C,,H,N,I, 
1 : 4-Dimethylglyoxalino Picrate 187 C, 
aa - 149 
- Br 227 
1-Ethyl-2-methylbenziminazolino 312 
- 298 C.gH3.N,Br, 
1-Methylbenzotriazolino 194— C,,H,,N,Br, 
195 
231* C,,H,,N,Br, 
213* C,,H,,N,Br, 
228* C,,H,.N,Br, 
- 170* C,,Hs,N,I, 
2-Methylbenzotriazolino Picrate 154 C3,;Heg9014N a0 
Thiazolino Br 
Benzothiazolino 
1-Methylpiperidino 


o 
a) 
Hal N_ Hal 
43:3 9-6 43-6 
41-7 
39-8 
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1 : 2-Dimethylpiperidino 
1: 3-Dimethylpiperidino 
a: 4-Dimethylpiperidino 
1-Methylpyrrolidino 
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B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
Cc 
Cc 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
Cc 


CogH ygOi2N24 


cteeNar 
1-Ethy]pyrrolidino y CisHaNeBr, 
4-Methylmorpholino 5 C,,4H3,0,N,Br, 
” - C,;H3,0,N,Br, 
- I C,6Hs,0,N,I, 
” y C,,H;,0,.N,I, 
” 236 C,;H,,0O,N,Br, 
” CypH ONoly 
- Cy.HygO.Ngl 
4-Ethylmorpholino CicHosOaNole 
4-Carbethoxy-l-methylpiperazino __,, 2 Cy,.H ON, I, 
1-Methylpiperazino I,2HCl 200 C,H 3,N,Cl,1, 


* With decomp. 

* It is not known which nitrogen atom is quaternary. * Found: C, 46-9; H 3-5. Required: 
C, 47:0; H, 36%. ¢ After loss of water at a lower temperature. ¢ Found: C, 51-2; H 8-2. 
Required: C, 51:3; H, 80%. * Found: Cl, 11-6; I, 40-5. Required: Cl, 10-8; I, 40-9%. 
4 4+0-5H,O. * +2H,0. 
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colourless needles (3 g., 30%), m. p. 199° (Found: N, 5-7; I, 53-2. C,,H,,N,I, requires N, 5:8; 
I, 52-6%). 

Polymethylenebisdiamidine Dihydrochlorides.—These have all been previously described 
{Easson and Pyman, /J., 1931, 2999; Sin’iti Kawai, Tatsuo Hosono, Yoshio Shikinami, and 
Shunychi Yonechi, Sci. Papers Inst. Phys. Chem. Res. (Tokyo), 1931, 16, Nos. 306—9, 9—16 
(Chem. Abs., 1931, 25, 5665)], but the following procedure gives improved yields (70—85%). 

A solution of the polymethylene dicyanide (0-1 mol.) and dry ethanol (14 ml.) in dry ether 
(70 ml.) was cooled in ice and saturated with hydrogen chloride. The mixture was kept over- 
night, and the solid was collected and powdered under dry ether. The liquid was decanted and 
the residue stirred into ice-cooled saturated ethanolic ammonia (250 ml.). The mixture was 
kept at 40° for 22 hours, heated under reflux for 1 hour, then cooled, and filtered. Amidine 
hydrochloride sufficiently pure for the next stage was precipitated from the filtrate by the 
addition of dry ether. 

Hexamethylenebis-2-(4 : 6-dimethylpyrimidine).—Suberodiamidine dihydrochloride (5-26 g.), 
piperidine (6 ml.), and acetylacetone (8 ml.) were heated in pyridine (60 ml.) under reflux for 
3 hours. The clear solution was steam-distilled, and the residue cooled in ice. The colourless 
solid base was collected and crystallised from benzene-light petroleum, forming flattened needles 
(4:5 g., 70%), m. p. 81° (Found: C, 66-1; H, 8-85; N, 17-5. C,,H,,N,,14H,O requires C, 
66-4; H, 9-0; N,17-2%). Similarly prepared were octamethylenebis-2-(4 : 6-dimethylpyrimidine), 
b. p. 172°/0-2 mm. (Found: N, 16-8. Cy 9H3.N,4 requires N, 17-2%), and decamethylenebis-2- 
(4: 6-dimethylpyrimidine), b. p. 170°/0-05 mm., which, though not obtained pure, yielded the 
desired quaternary salt. 

Quaternary Salts.—The polymethylenebispyrimidines prepared as above were treated with 
methyl iodide in ethanol at 100°. Hexamethylenebis-1-4-carbethoxypiperazine was similarly 
converted into the quaternary salt, and the carbethoxy-groups were then removed by 
concentrated hydrochloric acid at 100° (6 hours; sealed tube). Dimorpholino- and 
dipiperidino-hexane were treated with methyl iodide in acetone, the reaction being vigorously 
exothermic. In all other cases excess of a tertiary base was heated at 100° (sealed tube) 
with a polymethylene dihalide in ethanol or acetone. It was often advantageous to add an 
equivalent amount of sodium iodide to the reaction mixture if the dibromide was being used. 

The salts were generally crystallised from ethanol, in a few cases with the addition of either 
water orether. They are listed in the Table. 


The authors thank Dr. A. J. Ewins, F.R.S., for his interest, Dr. R. Wien and his colleagues 
for pharmacological tests (which will be reported in detail elsewhere), Mr. S. Bance, B.Sc., 
A.R.1.C., for semi-microanalyses, Mr. C. F. Attridge for assistance with preparations, and the 
Directors of May & Baker Ltd. for permission to publish these results. 
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431. A New Reaction Mechanism for the Marckwald Asymmetric 
Synthesis. 
By J. Kenyon and W. A. Ross. 


The alkaloidal salts of various optically active malonic acid derivatives 
have been found to yield optically inactive decarboxylation products. The 
formal resemblance of some of these experiments to the Marckwald asym- 
metric synthesis led to proposal of a new reaction mechanism for this reaction. 
According to this, decarboxylation of a dialkaloidal salt of a disubstituted 
malonic acid should yield an optically active decarboxylation product. 
Partial asymmetric syntheses of this type, where there is no possibility of 
an asymmetric transformation during the crystallisation process, have been 
carried out. 


THE Marckwald asymmetric synthesis * (Ber., 1904, 37, 349) consisted in thermal decarb- 
oxylation of the monobrucine salt of ethylmethylmalonic acid to give, after purification, 
* The experiment should be described as a “ partial asymmetric synthesis,” but the name “‘ Marck- 


wald asymmetric synthesis ”’ will be retained throughout when reference is made to the classical experi- 
ment. 
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an ethylmethylacetic acid about 10°, enriched in the levorotatory modification. To 
account for the success of this experiment numerous explanations have been advanced 
(Marckwald, Joc. cit.; Cohen and Patterson, ibid., p. 1012; Marckwald, ibid., p. 1368; 
Euler, Allgem. Chem. Enzyme, 1907, 6, 243, 1071; Erlenmeyer, Biochem. Z., 1914, 64, 366; 
Kortiim, Samml. Chem. Vortr., 1932, 10, 97; Eisenlohr and Meier, Ber., 1938, 71, 1004; 
Ritchie, Adv. Enzymology, 1947, 7, 100). In all these theories it was either stated or im- 
plied that the success of the experiment depended upon either the crystallisation from 
solution of one of the two salts 


Me. S/O, Brucine-(—) Mew S/OO.H 
Cc and ‘ 
Et’ \CcO,H Et” CO,H, Brucine-(—) 


in excess of the other, or the differing rates of decarboxylation of these two molecules. 

It was shown (Kenyon and Ross, J., 1951, 3407) that the decarboxylation of optically 
active ethyl hydrogen ethylmethylmalonate, ethylmethylcyanoacetic acid, and «-benzyl- 
a-cyanopropionic acid gave rise to optically inactive decarboxylation products. The 
decarboxylation has now been studied of various alkaloidal salts of these optically active 
compounds. In all cases the products of decarboxylation were optically inactive. A 
formal resemblance between some of these experiments and the Marckwald asymmetric 
synthesis exists : 


Me. _/CO,H, Brucine-(—) Me. JOH, Brucine-(—) Me. /J/OO7.H 
sed —> eK + C0, - 
Et’ CO,H Et’ ‘H 


+ Brucine-(—) 


Et’ \H 
seal ditieati Brucine-(—) TN git 


y +4 ine-( — 

Et’ CO,Et a ee hae 
The interesting feature of a comparison between these two experiments is that whereas 
the optical purity of the molecule undergoing decarboxylation in the Marckwald asymmetric 
synthesis is indeterminate, it gives rise to a partially optically active decarboxylation 
product, whereas the optically pure alkaloidal salt in the second experiment gives rise to an 
optically inactive decarboxylation product. The most important chemical difference 
between the two decarboxylation experiments lies in the fact that the first decarboxylation 
product is an acid, and is isolated as the alkaloidal salt, whereas the second decarboxylation 
product is an ester and is therefore not in chemical combination with the alkaloid. The 
activity or inactivity of the products could be explained if it were to be assumed that the 
decarboxylation reactions occur with the intermediate formation of the two carbanions 


Me Me 
Sco—co,H, Brucine-(—) and \ 
Et” Et” 


C°—CO,Et 

The combination of these two carbanions with a proton would, in the first case, produce 
diastereoisomerides, which in general have differing rates of formation, and in the second 
case lead to the formation of stereoisomers. 

If such a carbanion is formed during a Marckwald asymmetric synthesis, clearly the 
effects of a partial asymmetric transformation during crystallisation and of the differing 
rates of decarboxylation of the two isomeric brucine salts would be nullified, at this stage 
of the experiment, by the formation of a common carbanion from both these forms. It 
should also be possible to carry out a new type of partial asymmetric synthesis by the 
decarboxylation of a neutral alkaloidal salt of a disubstituted malonic acid, provided that 
this can be achieved under comparably mild experimental conditions. In such an experi- 
ment, the symmetrical nature of the molecule makes an asymmetric transformation during 
crystallisation impossible. 

Accordingly the dibrucine salt of ethylmethylmalonic acid was submitted to thermal 
decarboxylation. Decarboxylation occurred readily at the melting point of the salt 
(151—153°), and also after acidification, extraction, and purification an ethylmethylacetic 
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acid was obtained which contained about 10% excess of the levorotatory modification 
(three experiments gave 8-5, 11-0, and 12-6%). 
Me O,H, Brucine-(—) Me O,H, Brucine-(—) Me O,H 

~~ —> XG Brucine-(—) +CO,; —> Sc : + Brucine-(—) 
Et” ‘CO,H, Brucine-(—) Et H Et’ \H 


Lest the approximate agreement with the results from a Marckwald asymmetric 
synthesis was fortuitous, an experiment was performed with methylphenylmalonic acid, 
which had been shown by Eisenlohr and Meier (loc. cit.) to give a partially optically active 
hydratropic acid of a lower order of optical purity (0-2°%) on thermal decarboxylation of its 
brucine salt. Dibrucine methylphenylmalonate was submitted to thermal decarboxy]l- 
ation. The isolated hydratropic acid was about 1-6% optically pure. This experiment 
shows that, although there need not in general be any relation between the optical purity 
of an acid obtained by a Marckwald asymmetric synthesis and that isolated after decarb- 
oxylation of a dialkaloidal salt, this second type of partial asymmetric synthesis may 
nevertheless be of general applicability. 


EXPERIMENTAL 


(+)-Ethyl quinine and (—)-ethyl cinchonidine ethylmethylmalonate, strychnine (—)- 
ethylmethylcyanoacetate, and brucine (+)- and (—)-«-benzyl-«-cyanopropionate were prepared 
as described previously (/J., 1951, 3409). 

Decarboxylation of (+)-Ethyl Quinine Ethylmethylmalonate.—The salt (3-5 g.),m. p. 988—110°, 
was heated at 110—120° in a distillation flask until distillation ceased (about 1 hour). The 
distillate (ethyl «-methylbutyrate), n7 1-3948 (1-1 g.), was devoid of optical activity in ether 
(1, 2; c, 5-2) and in the homogeneous state (/, 0-5) (Found: equiv., by saponification: 129. 
Calc. for C,H,,0,: equiv., 130). 

Decarboxylation of Cinchonidine (—)-Ethyl Ethylmethylmalonate.—The salt (4-0 g.), m. p. 
155—156°, was heated at 160—170° until distillation ceased. The distillate (1-2 g.) had n? 
1-3944 and « 0° in ether (/, 2; c, 5-0) and in the homogeneous state (/, 0-5) (Found: equiv., 
130. Calc. for C;H,,0,: equiv., 130). 

Decarboxylation of Strychnine (+-)-Ethylmethylcyanoacetate.—The salt (8-0 g.), m. p. 127— 
130°, was heated at 150° until distillation ceased (about 1 hour). The colourless distillate (1-2 
g.) was purified by extraction with dilute sodium hydrogen carbonate solution. The isolated 
nitrile, n}? 1-3897, micro-b. p. 124°, had « 0° in the homogeneous state (/, 0-5) and in ether (/, 2; 
¢, 7-2). 

Decarboxylation of Brucine (-+-)-x-Benzyl-a-cyanopropionate.—The salt (4-0 g.), m.p. 135— 
137°, was heated at 150°/18 mm. until distillation ceased (about 1 hour). The distillate of 
a-benzylpropionitrile (1-0 g.), n7 1-5093, had «0° in the homogeneous state (/, 0-5) and in ether 
(1, 2; c, 84). The nitrile (1-0 g.) was converted into (-+)-benzylmethylacetamide [(--)-a- 
benzylpropionamide] by alkaline hydrolysis. Recrystallisation from aqueous alcohol gave 
needles (0-95 g.), m. p. 104-5—105-5°. 

Decarboxylation of Brucine (—)-a-Benzyl-a-cyanopropionate.—The salt (4-0 g.), m. p. 127— 
129°, was heated at 150°/18 mm. until distillation ceased (about 1 hour). The distillate (1-0 g.), 
nv 1-5094, had « 0° in the homogeneous state (/, 0-5) and in ether (/, 2; c, 8-7). 

Dibrucine Ethylmethylmalonate.—Ethylmethylmalonic acid, prepared from ethyl malonate 
in 61% yield and twice recrystallised from ether—light petroleum, formed needles, m. p. 116— 
118° (decomp.) (0-2259 g. required 31-00 ml. of 0-1IN-NaOH. Calc. for C,H,,O,: 30-94 ml.). 
To the acid (10-2 g.) in aqueous acetone (150 c.c. of 50%) was added brucine (55-1 g.; dried at 
105° for 6 hours), and the whole warmed until dissolution was complete. After 3 days at room 
temperature the salt (42 g.) was deposited as colourless needles. After drying im vacuo over 
phosphoric oxide for 6 hours it had m. p. 151—153° (decomp.), [«]}* —51-8° (i, 2; ¢, 5-41 in 
chloroform). Recrystallisation from aqueous acetone gave needles (40 g.), m. p. 151—153° 
(decomp.), and [a]}#’* —52-7° (i, 2; c, 5-51 in chloroform), after drying (Found: C, 63-8; H, 7-0; 
N, 5-7. Cs,Hg,0,.N, requires C, 64:2; H, 6-7; N, 6-0%). 

Decarboxylation of Dibrucine Ethylmethylmalonate.—(i) The salt (50 g.), heated at 160—180° 
in a flask fitted with an air-condenser, melted with evolution of carbon dioxide which was com- 
plete in 2 hours. The product, a pale brown, glassy solid, was dissolved in dilute hydrochloric 
acid, and the solution extracted four times with ether. The combined ethereal extracts were 
washed twice with dilute hydrochloric acid and once with water. Evaporation of the dried 
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(Na,SO,) ethereal solution gave a liquid residue (4-7 g.), aj}* —0-70° (i, 0-5), n# 1-4029. Dis- 
tillation (b. p. 173—175°) gave a product, aj}* —0-74° (1, 0-5), n?> 1-4029 (0-2453 g. required 
24-05 ml. of 0-1IN-NaOH. Calc. for C;H,,O,: 24-05 ml.). The acid (0-5 g.) was converted into 
the p-bromophenacy] ester (0-9 g.), needles (from aqueous alcohol), m. p. 54—55°, alone or mixed 
with the authentic ester of ethylmethylacetic acid. The alkaloid was recovered unchanged from 
the hydrochloric acid extracts of the product by treatment with ammonia. Prolonged drying 
of the product, first 1m vacuo over phosphoric oxide and finally in an air oven at 105°, gave a 
slightly discoloured product (42 g.), characterised by m. p., mixed m. p., and specific rotation. 

(ii) The decarboxylation was repeated with 50 g. of the salt, but at + 156° (vapour of 
boiling cyclohexanone). The salt slowly melted with effervescence, which was complete after 
6 hours. The decarboxylation products, isolated and identified as before, gave an acid, b. p. 
(after distillation) 173—175°, «7? —0-96° (1, 0-5), n? 1-4026, or, in a third experiment, b. p. 
76—77°/15 mm., aj! —1-10° (1, 0-5), n3 1-4028. 

Dibrucine Methylphenylmalonate.—Methylphenylmalonic acid (18-2 g.), needles, m. p. 
155—157° (decomp.) (0-2209 g. required 22-75 ml. of 0-IN-NaOH. Calc. for CyjH,jO,: 22-77 
ml.), and brucine (dried at 105° for 6 hours; 73-9 g.) in aqueous methanol were warmed until 
dissolution was complete. After several weeks at room temperature the salt (73 g.) had been 
deposited as colourless needles, m. p. 82—85° (decomp.). Recrystallisation from the same solvent 
gave needles, m. p. 88—89° (decomp.) after drying im vacuo at 61°. 

Decarboxylation of Dibrucine Methylphenylmalonate.—The salt (48 g.), heated at 140° in 
a flask fitted with an air-condenser, melted with evolution of carbon dioxide which was complete 
in4hours. Theacidic component (6-7 g.) and the alkaloid (40-0 g.) were recovered and purified 
as in the previous experiment. The isolated hydratropic acid, after distillation (b. p. 153— 
155°/20 mm.), had «7? +0-85° (J, 0-5; homogeneous), +1-65° (/, 2; c, 2-9 in ether) (optical 
purity 1-6%, calc. on figures of Arcus and Kenyon, J., 1939, 916) (0-2036 g. required 13-48 ml. 
of 0-1IN-NaOH. Calc. for C,H,,O,: 13-57 ml.). A portion of the acid (1-0 g.) was converted 
by the usual method into the amide, colourless plates (0-95 g.) (from chloroform-light petroleum), 
m. p. 92—93°. 


Thanks are expressed to Imperial Chemical Industries Limited for a grant, and one of the 
authors (W. A. R.) acknowledges the award of a maintenance grant from the Department of 
Scientific and Industrial Research while some of the work was being carried out. 
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432. Effect of Methylation on the Light Absorption of Phenols. 
Part I. 


By A. BurAwoy and J. T. CHAMBERLAIN. 


The spectra of numerous substituted phenols and of the corresponding 
anisoles in ethyl alcohol are compared. Methylation displaces both the B- 
and the K-bands to shorter wave-lengths and reduces their intensity. If 
both ortho-positions to the hydroxyl group are occupied by Cl, Br, I, CH;, 
CHO, or NO,, this effect is considerably enhanced owing to the intramolecular 
steric hindrance involving one of these substituents and the methoxyl group. 
The cause of the steric inhibition of conjugation is briefly discussed. 


THE electronic spectra of organic molecules above 2000 A consist of two types of absorption 
bands (Burawoy, Ber., 1930, 63, 3155; 1931, 64, 464, 1635; 1932, 65, 941; /., 1939, 
1177): (i) R-bands of low intensity (e <2000) which are due to electronic transitions 
originating in individual multiple linkages; and (ii) K-bands of a comparatively high 
intensity (¢ >5000) which are connected with systems represented by A-[(CH:CH],°CH:B, 
where A = R, Hal, OR, SR, NR, O-, S~, or NR~, and B = CRg, NR, O, S, *NR,, *OR, 
or ‘SR; these are the so-called conjugated systems. It is now accepted that the electronic 
transitions involved correspond qualitatively to electron displacements along the axis of 
these systems (McMurry and Mulliken, Proc. Nat. Acad. Sci., 1940, 26, 312, and earlier 
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papers; Calvin and Lewis, Chem. Reviews, 1939, 25, 303). These investigations led also 
to an early recognition of two factors: (a) the distinct nature of the characteristic long- 
wave bands appearing in the spectra of benzene and many of its homologues and 
derivatives; such bands have comparatively low intensities (« generally <5000) similar 
to those of the R-bands, but obey very different optical rules (Burawoy, Ber., 1930, 63, 
3157; 1931, 64, 489; Discuss. Faraday Soc., 1950, 9, 70); and (6) the influence of 
intramolecular steric inhibition of conjugation on the position and intensity of the 
B- (benzene) and K-bands (Burawoy, J., 1939, 1186; cf. also Calvin, J. Org. Chem., 1939, 
4, 256), now well-established. 

We have compared the spectra of numerous substituted phenols and the corresponding 
anisoles (in ethyl alcoholic solution). The data obtained for the B-bands appearing in 
the near ultra-violet spectra of phenols and anisoles substituted by Me, Cl, Br, or I are 
collected in Table 1. 


TABLE 1. 
Phenol Anisole Phenol Anisole 
Substituents tig. A(A) e A(A) ¢ Substituents Fig. A(A) e A(A) e¢ 
2719 1875 2770 1400 2:6-(CH,°OH),-4-Me 11 2826 2850 2748 1050 
2700 
2802 2100 2845 2 2828 1850 2880 1600 


2775 2 2813 1850 

1850 2780 165 2 2400 2810 2100 

2720 2740 2100 

2025 2770 2! :4:6-C 2941 2900 2874 875 

2712 2§ 2805 875 

1900 2795 f 2845 1650 2880 1300 

2715 2812 1500 

1800 2650 2789 2800 2810 2100 

2764 2400 

2:4: 6-Me, 2785 1800 2772 | 2:4: 2949 3200 2893 1000 


2686 575 2818 1000 
2:3:5: 6-Me, ... 2 1200 2665 - 2820 1700 2810 1700 
2:3:4:6-Me, ... 1700 2782 52: 2870 3000 2850 2750 


2705 = 52 2800 3450 2780 3250 
2807 1600 2710 2:4: 2 2944 3600 2770 980* 


* Inflexion. 


Methylation displaces the B-bands of phenol and its derivatives substituted in meta- or 
para-positions slightly to shorter wave-lengths (10—20 A), the intensity being also decreased 
by about 5—10%. Since the bands of most methyl ethers, in contrast to those of the 
corresponding phenols, show in our measurements two peaks, this is more apparent by 
comparing their graphs (Figs. 1—20). 

The same effect is observed in the case of the anisole derivatives with only one ortho- 
substituent. Undoubtedly, the methyl group of OMe is able to turn away from the large 
substituent in ortho-position and, thus, evade steric interaction. 

This is not possible if both ortho-positions are occupied. Owing to the resulting 
reduction of conjugation, methylation of such phenols is responsible for much greater 
displacements to shorter wave-lengths (70—100 A) and, in particular, for a reduction of the 
intensity by 70—80%,. 

We had no facilities for measuring the K-bands of these simple molecules which have 
maxima below 2200 A. However, these bands are displaced considerably to longer wave- 
lengths on the introduction of a nitro- or formyl-group in the para-position of phenol. 
We have, therefore, investigated these bands in the spectra of p-nitrophenol, p-hydroxy- 
benzaldehyde, and a few derivatives substituted by methyl groups (Table 2; Figs. 21—23), 
and established that they behave similarly to the B-bands of lower intensity discussed 
above. The latter are not observed in the spectra of these substances since they are 
covered by the more intense K-bands. 

Again, methylation of p-nitrophenol, p-hydroxybenzaldehyde, and 4-hydroxy-2 : 6- 
dimethylbenzaldehyde displaces the K-bands slightly to shorter wave-lengths (20—90 A), 
their intensity being almost unaffected. The spectra of 3 : 5-dimethyl-4-nitrophenol and 











*Joyoopy yhyja uy 





"sajostup *sjouayg —— — 


ton ON 











en 





























Effect of Methylat 













































































.~ 
~ 
= 
S 
S 
S 
7 
<= 
=) 
a~] 
= 
8 
=~ 
° 
3 
S 
~ 
> 
a) 



























































COLE 
v‘v 


‘0S—ZI “SOL “IIT “8917 


2312 





(1952) the Light Absorption of Phenols. Part I. 2313 


its methyl ether are rather complicated owing to the known steric interaction between the 
methyl] groups and the nitro-group, but they behave similarly. 

In contrast, the K-bands are strongly displaced on methylation of 4-hydroxy-3 : 5-di- 
methylbenzaldehyde and 2 : 6-dimethyl-4-nitrophenol (250 and 350 A respectively) owing 
to the considerable steric interaction of the OMe group with one of the two methyl groups 
in the ortho-position and the resulting reduction of conjugation between the methoxy! group 
and the benzene ring. 


Fics. 21—26. 
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(N.B. Because of a drafting 
error, the lowest curve in 
Fig. 25 should be displaced 
upwards by 0:3 unit.) 






































It is noteworthy that in the case of the B-bands steric interaction is responsible for a 
considerable decrease in intensity, but a comparatively small displacement to shorter wave- 
lengths, whereas the much greater shift of the K-bands is accompanied by only a small 
decrease in intensity (about 10%). This was expected since it is just the reversal of the 
effects resulting from the introduction of the hydroxyl group, as may be illustrated by the 
examples (a) of benzene (a 2543 A; ¢ 300) and phenol (, 2719 A; ¢ 1875) for the B-bands and 


Phenol Anisole 
Substance ig. A(A) é (A) € 

3140 13,000 3050 13,000 

yCHO 2 2815 14,000 2765 15,500 
-NO,°C,H,Me,-OH y 3507 1,750 3492 1,600 
2813 3,150 2763 3,000 

:1- ‘C,H,Me,"CHO - 2863 18,000 2840 18,000 
: 1-NO,*C,H,Me,-OH 2 3227 11,000 2886 9,500 
- *C,H,Me,*CHO y 2901 17,000 2647 15,500 


eo to bo 


71 
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(b) of benzaldehyde (4 2442 A; ¢ 13,000) and p-hydroxybenzaldehyde (a 2815 A; ¢ 14,000) 
or nitrobenzene (4 2590 A; e« 9500) and p-nitrophenol (a 3140 A; ¢ 13,000) for the K-bands. 

In Table 3 the maxima of B- and/or K-bands of hydroxydiphenyls, nitrophenols, and 
hydroxybenzaldehydes, and their methyl ethers are listed. Again, anisoles substituted in 
the meta- or para-position by a phenyl, nitro-, or formyl group absorb at slightly shorter 
wave-lengths than do the corresponding phenols, the change of intensity being only 
negligible and almost within experimental error (5%). 


TABLE 3. 


Phenol Anisole 
B-band K-band B-band K-band 
Substance rig. A ca A € A € A 

— — 2612 22,500 — — 2610 

2880 5500 2470 13,500 2850 5500 2464 

— — 3140 13,000 — — 3050 

3322 2700 2705 6,900 3252 2400 2680 

3435 3600 2730 6,600 3172 2850 2585 

2815 14,000 2765 


Pavey 


> 


3155 3000 2537 9,500 3087 3000 2525 


. be 3244 4350 2540 12,500 3210 4550 2528 
: 4: 1-(NO,),C,H,Me-OH 2 3542 5250 2410 10,500 3116 2600 2360 
: 1: 3-HO-C,H,Me(CHO), ‘ 3503 6800 2356 28,000 3190 3500 2326 


nsws 


The effect of one phenyl or formyl group in ortho-position is similar. It is noteworthy 
that formation of a hydrogen bond in o-hydroxybenzaldehyde has in itself only a small 
effect on the light absorption which, as Burawoy and Burawoy (J., 1936, 38) have already 
pointed out, is incompatible with the interpretation of the internal hydrogen bond in terms 
of a resonance hybrid. 

In contrast, both the B- and the K-band in the spectrum of o-nitroanisole are at 
considerably shorter wave-lengths (260 and 145A respectively) and have much lower 
intensities than those of o-nitrophenol. This is explained as follows. It is already known 
that methyl groups in the ortho-position to a formyl group reduce its conjugation 
only to a very small extent, if at all. Thus, the C:0 Raman frequencies and dipole 
moments observed for benzaldehyde and 2:4: 6-trimethylbenzaldehyde are very 
similar, showing the absence of any notable steric interaction (cf. Kadesch and Weller, 
J. Amer. Chem, Soc., 1941, 63, 1310; Saunders, Murray, and Cleveland, ibid., p. 3121; 
1942, 64, 1181; cf. also the spectra of p-hydroxybenzaldehyde and 4-hydroxy-2 : 6-di- 
methylbenzaldehyde, Table 2). On the other hand, intramolecular steric hindrance has 
been found to be very strong with the corresponding nitrobenzene derivatives, as 
comparison of the NO, Raman frequencies, dipole moments, electronic spectra, and 
molecular refractivities of nitrobenzene and nitromesitylene shows (cf. also Thomson, 
J., 1944, 404, 408). 

This effect is already appreciable in o-nitrotoluene and o-chloronitrobenzene which 
absorb at 2560 A (ce 6000) and 2515 A (e 4500) respectively (cf. nitrobenzene : 2 2590 A; 
¢ 9500). It can, therefore, be expected that the oxygen atom of the methoxyl group will 
already interact with the nitro-group in o-nitroanisole; this effect will be cancelled by the 
formation of the internal hydrogen bond in o-nitrophenols. 

A comparison of the spectra of 4-methyl-2 : 6-dinitrophenol and 2-hydroxy-5-methyl- 
isophthalaldehyde with those of their methyl ethers shows that the steric effect is very 
strong in presence of two nitro- or formyl] groups in the ortho-position. The B-bands in the 
spectra of the ethers are at much shorter wave-lengths (300 and 400 A) and have 
considerably smaller intensities (about 50%). It is true that the K-bands remain almost 
unchanged, but this is not surprising since the influence of the hydroxyl group on the 
K-bands is only small. 

Thus, in contrast to the B-bands, the observed K-bands of m-dinitrobenzene (a 2350 A; 
¢ 20,000) and isophthalaldehyde (a 2258 A; e 26,000) are only slightly displaced to 
longer wave-lengths in 4-methyl-2 : 6-dinitrophenol (a 2410 A; ¢ 10,500) and 2-hydroxy-5- 
methylisophthalaldehyde (A 2356 A; e¢ 28,000) respectively. Any small effect of the 
methyl group can be ignored. The reduced intensity of the K-band of 4-methyl-2 : 6- 
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dinitrophenol should be accounted for by the steric interaction of the oxygen atom of the 
hydroxyl group with the nitro-group not participating in the hydrogen bond (cf. above). 
It is not observed for the K-band of 2-hydroxy-5-methylisophthalaldehyde. 

Discussion.—The interpretation of the reduction of conjugation due to a steric repulsive 
interaction of substituents is bound up with the coplanarity of unsaturated hydrocarbons 
and related systems, which is assumed to be due to the maximum orbital overlap or 
delocalisation of (classically non-bonded) electrons in this state. Any deviation from 
coplanarity would then cause a reduction of delocalisation and of the effects associated 
with conjugation. 

However, a detailed empirical analysis of all known facts has shown that the hypothesis 
of non-localised bonds is in disagreement with numerous observations and is superfluous. 
All constitutive variations of linkages can be accounted for by changes of the effective 
nuclear charges (the screening) of the participating atoms, i.e., by changes of the repulsive 
interactions of electrons and nuclei (A. Burawoy, Trans. Faraday Soc., 1944, 40, 537; 
Discuss. Faraday Soc., 1951, 10, 104; Chem. and Ind., 1944, 434; Contribution a l’Etude 
de la Structure Moléculaire, Liége, 1948, p. 73; cf. also Lennard-Jones and Pople, Discuss. 
Faraday Soc., 1951, 10, 9). 

This view leads to an alternative interpretation of the coplanarity and the reduction of 
conjugation by intramolecular steric effects, which may be illustrated by the simple example 
of butadiene. Two factors will be responsible for its stability in the coplanar state: 
(i) that the repulsive interaction between the two H,C:CH groups is smallest in this state ; 
and (ii) that, as is generally assumed, a bond orbital is cylindrically symmetrical. This 
simplification is scarcely justified for bonds involving asymmetrically substituted atoms 
since the orbital extension should depend on the repulsion arising from neighbouring 
orbitals. 

Thus, if the bond orbitals forming a double bond are assumed to be equivalent 
(cf. Burawoy, loc. cit.; Lennard-Jones and Pople, Joc. cit.), they will strongly repel each 
other and be strained (bent). Each of these orbitals must be expected to extend more 
strongly in a plane parallel with that of the molecule. Similarly, the single C-C bond 
orbital in butadiene will not be cylindrically symmetrical, probably extending more strongly 
in a plane perpendicular to that of the molecule. The extension of the two atomic orbitals 
leading to the formation of the C-C bond will be similar and theiz overlap greatest in the 
coplanar configuration. Any deviation from coplanarity would cause an increased 
repulsion of the two bonding electrons (a reduced orbital overlap) resulting in a reduction 
of the exchange integral, of the bond energy in the ground state, and of the interaction of the 
absorbing electron system through this linkage in the excited state, causing the displace- 
ment of the absorption band to shorter wave-lengths. Similar considerations will apply to 
systems such as —C-OMe discussed in this paper. 

The smaller displacements to shorter wave-lengths of the B- and the K-bands in ethyl 
alcoholic solution caused by the methylation of phenol and its derivatives in absence of 
steric effects appear to indicate a greater electron-attracting power of the methyl group as 
compared with a hydrogen atom, resulting in a reduced polarity of the absorbing conjugated 
systems. This rather surprising result is explained by the ability of the phenols to form 
internal or external hydrogen bonds. 

Morton and Stubbs (j., 1940, 1347) investigating the spectra of the hydroxy- 
benzaldehydes and their methyl ethers in hexane and ethyl alcohol solution arrived 
at this conclusion. They observed that both the B- and the K-bands of m-hydroxy- 
benzaldehyde in hexane solution, where there is a minimum possibility at least of solvent— 
solute interaction, are at shorter wave-lengths than those of its methyl ether. Although 
our absolute data for both these substances deviate somewhat from those reported by 
these authors, we have confirmed their findings in principle. Moreover, we have found 
that ~-hydroxydiphenyl in hexane solution also absorbs at shorter wave-lengths than 
p-methoxydiphenyl (Table 4). These observations exclude the possibility that a slight 
steric interaction of the methyl group in OMe with a hydrogen atom in the ortho-position 
might reduce the conjugation between the methoxyl group and the benzene ring and 
contribute appreciably to the displacements under discussion. 


= 
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Solvation would also account for the smaller resolution of the B-bands of the simple 
phenol derivatives in ethyl alcoholic solution as compared with the bands of the corre- 
sponding anisoles (cf. above) and for the well-known fact that the dissociation constants 
in aqueous or alcoholic solution of m- and ~-methoxybenzoic acid and m-methoxycinnamic 


TABLE 4. 


Phenol Anisole 
B-band K-band B-band K-band 
Substance in hexane a € nN e A e A € 


2700 2480 12,000 3050 3000 2488 10,000 
— 2558 25,000 — — 2596 27,000 


acid are greater than those of the corresponding hydroxy-derivatives (Branch and Yabroff, 
J. Amer. Chem. Soc., 1934, 56, 2568; Dippy and Page, J., 1938, 357). Obviously, solvation 
cannot always be neglected in discussions of the relative electronic effects of substituents 
on the strength of acids and other properties. 

An interpretation of the influence of substituents on the position and intensity of the 
absorption bands of phenol is not relevant to the problem under discussion. It would 
require a consideration of other related systems and will be given elsewhere. 


If not otherwise stated, all reported data are new determinations in ethyl alcoholic solution 
carried out with a Hilger E3 quartz spectrograph fitted with a Spekker photometer, a tungsten- 
steel high-tension spark being employed as the source of light. A drop of concentrated hydro- 
chloric acid was added to the soiutions of all nitrophenols to inhibit dissociation. 
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433. Complexes involving Tervalent Iron and Orthophosphoric 
Acid. Experiments with Ion-exchange Resins. 


By J. E. SALMON. 


It is shown that iron can be removed from ferric phosphate solutions by 
using either cation-exchange or anion-exchange resins. Batch experiments 
with the phosphate form of the anion-exchange resin indicate the presence in 
the solutions of a complex containing three phosphate groups per iron atom. 
Support for this conclusion is provided by the examination of both stable and 
metastable states of the system, ferric oxide—phosphoric oxide—water. 

The phosphate group presumably acts as a bidentate group, but it is not 
certain whether the complex is H,{Fe(HPO,),] or H,[Fe(PO,),]. The 
evi ence for the existence of complexes containing fewer phosphate groups is 
much less definite. 


ALTHOUGH the literature provides abundant evidence of the formation of complexes 
between the ferric ion and orthophosphoric acid, there seems to be little agreement as to 
their nature, or even their number. The most obvious indication is provided by the 
decolorising action of phosphoric acid on solutions of ferric chloride. Carter and Clews 
(J., 1924, 125, 1880) showed that phosphoric acid lowers the oxidation potential of the 
ferrous-ferric system, and Bonner and Romeyn (Ind. Eng. Chem., Analyt., 1931, 3, 85) 
observed that the reversible reaction Fe** + 4$1,(aq.) =» Fe*** + I- went to completion 
in the presence of phosphoric acid. 

The interference by phosphates in the colorimetric determination of ferric iron with 
thiocyanates (Dupré, Chem. News, 1875, 32, 5) suggests that the ferric phosphate complex 
is at least comparable in stability with the ferric thiocyanate complex. That the 
concentration of ferric ions is still large enough to be detected, however, is shown by the 
formation of Prussian-blue on addition of potassium ferrocyanide to ferric phosphate 
solutions. 

The widely differing views as to the number and nature of the complexes formed put 
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forward by various workers may be summarised as follows: (1) The complexes are ferri- 
phosphoric acids, such as H,{[Fe(PO,),] and H,{Fe(PO,),] (Weinland and Ensgraber, 
Z. anorg. Chem., 1914, 84, 340). (2) Complexes, such as H,[Fe(PO,)Cl,], are present in 
solutions containing chloride ions (Dede, ibid., 1922, 125, 28; Ricca and Meduri, Gazzetta, 
1934, 64, 235). (3) The complex is [FeHPO,]* (Landford and Kiehl, J]. Amer. Chem. Soc., 
1942, 64,291). (4) The complex is [FeH,PO,]**, even in solutions containing chloride ions 
(Jensen, Z. anorg. Chem., 1934, 221, 1). (5) No complex is formed, but, rather, a weak 
electrolyte ranging in composition from FePO, to Fe(H,PO,), (Bonner and Romeyn, 
loc. cit.). 

Weinland and Ensgraber (loc. cit.) reported various salts of ferri-di- and -tri-phosphoric 
acids, such as NaH,[Fe(PO,),],H,O and NaH,[Fe(PO,)3],H,O. Two acid ferric phosphates 
previously reported by Erlenmeyer (Amnalen, 1878, 194, 176) were considered to be the 
parent “‘ acids ’’’ of these salts. Dede (loc. cit.) and, later, Ricca and Meduri (loc. cit.) found 
that solutions containing ferric chloride and phosphoric acid showed much higher 
conductivites than those calculated on the basis of a simple additive law. These results 
were interpreted as indicating formation of a strong acid, H,{Fe(PO,)Cl,], which in the 
presence of excess of phosphoric acid was converted into a pure phosphate complex. No 
salts of the chloroferriphosphoric acid were isolated by Dede, but Ricca and Meduri 
reported the formation of a silver salt, Ag,[Fe(PO,)Cl,]. 

Jensen (loc. cit.), from solubility data, decided, on the contrary, that, even in solutions 
containing chloride ions, only pure phosphato-complexes were formed. The results of 
Dede and of Ricca and Meduri were explained by postulating the formation of the ion 
[FeH,PO,]**. 

; Lanford and Kiehl (loc. cit.) used the decrease in the colour of the ferric thiocyanate 

complex (assumed to be FeCNS**), effected by addition of phosphoric acid to solutions 
containing ferric nitrate and sodium thiocyanate, to deduce the ratio of iron to phosphorus 
in the complex. Their results indicated the formation of the complex [FeHPO,]*. This 
work has been criticised by Banerjee (J. Indian Chem. Soc., 1950, 27, 417) on the grounds 
that thiocyanates are unsuitable for the purpose because of the presence of several ferric 
thiocyanate complexes the individual concentrations of which will vary with the 
concentrations of the reactants. In a series of thermometric, conductometric, and 
colorimetric titrations of ferric chloride with phosphoric acid, this author found breaks in 
the titration curves which he attributed to the formation of [FeHPO,]* and [Fe(HPO,),]-. 
The results of two ionic-transport experiments were submitted as further evidence in 
support of these formulz. 

Although a possible explanation for such a diversity of opinion could be that all the 
complexes reported do exist, but under different conditions, yet this does not seem likely 
since four of the complexes, [Fe(HPO,),]-, [Fe(H,PO,)]**, [FeHPO,]*, and [Fe(PO,)Cl,}*~, 
have all been reported as being present in solutions containing chloride. In fact, all but the 
first are supposed to be present in solutions containing equimolecular amounts of ferric 
chloride and phosphoric acid. Consequently, another explanation must be sought. 

Another possibility that has not apparently hitherto been taken into account is that 
several complexes may co-exist in solution in proportions depending on the concentrations 
of the reactants. It would seem likely that the ferric phosphate complexes are derived 
from the [Fe(H,O),]*** complex by the substitution of phosphate ions, and possibly of 
other anions present in solutions also, for the watet molecules in the complex. Weinland 
(‘‘ Einfiihrung in die Chemie der Komplex-Verbindungen,”’ Stuttgart, 1924, pp. 145, 221) 
and Jensen (loc. cit.) have expressed the view that the phosphate group is likely to occupy 
two co-ordination positions. Hence, with complexes containing one or two phosphate 
groups, it could be assumed, in the absence of other ions, that the remaining co-ordination 
positions were occupied by water molecules. Most of the evidence available, however, is 
based on studies where either chloride or thiocyanate ions were also present. In such 
cases, complications due to the co-ordination of these ions in the complex are likely to 
arise, and the lack of agreement reported may be due, in part at least, to this. 
Consequently, a study of the ferric phosphate system in the absence of interfering ions 
seems desirable. 
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Carter and Hartshorne (J., 1923, 123, 2223) examined the system ferric oxide—phosphoric 
acid—water, but primarily in the light of the phase rule, and no evidence was offered of 
complex formation in the liquid phase. A reinvestigation of the system with this end in 
view was therefore undertaken. 

Present Work.—The use of ion-exchange resins for the study of ferric phosphate 
complexes was suggested by their wide application in separating both simple and complex 
ions from solution (see, e.g., ‘‘ lon Exchange, Theory and Application,’’ ed. Nachod, 
Academic Press Inc.; Duncan and Lister, Quart. Reviews, 1948, 2,307). As far as possible, 
saturated solutions in the system ferric oxide—-phosphoric oxide—-water have been used in 
these experiments in order to avoid any undue excess of phosphoric acid in solution. 
Cameron and Bell (J. Phys. Chem., 1907, 11, 363) and Carter and Hartshorne (loc. cit.) 
have shown that, even in saturated solutions, a relatively high ratio of phosphoric oxide 
to ferric oxide is present. This is apparent from Fig. 1 in which the values of P,O;/Fe,O, 
calculated from the data given by these authors for the system at 25° are plotted against 
the corresponding phosphoric oxide concentrations. Some data obtained in the present 
work (see Table 3a) are also included. These confirm and extend some of the results 
obtained by the previous workers. The break in the curve at about 9% of phosphoric 
oxide corresponds to a change in the solid phase reported by Carter and Hartshorne, and 
the one at about 25% phosphoric oxide presumably corresponds to another change of solid 
phase. 

Carter and Hartshorne (loc. cit.) have reported that metastable equilibria may be 
encountered in this system. This has been confirmed in the present work, the points close 
to the broken line in Fig. 1 indicating the compositions of solutions which were in metastable 
equilibrium after several weeks at 25°. At room temperature it was found that metastable 
equilibrium might persist for months. Apart from the experiments recorded in Table 4, 
the use of such solutions was avoided in the ion-exchange investigations in case precipitation 
of ferric phosphate on the resin occurred. 

For the experiments with cation-exchange resins Permutit Zeo-Karb 225 was chosen 
as being a monofunctional, strongly acidic resin. It is of the sulphonated cross-linked 
polystyrene type with the sulphonic acid groups as the active exchange centres. Amberlite 
I.R.A, 400 was used for the anion-exchange experiments. It is a monofunctional strongly 
basic resin, supplied in the form of its chloride. For brevity, Z.K. will be used to represent 
the anion of Zeo-Karb 225 and Z.K.-H its hydrogen form. Similarly I.R.A. will be used to 
represent the cation of the anion-exchange resin and I.R.A.-Cl and I.R.A.-PO, its chloride 
and its phosphate form, respectively. (This should not be taken to imply that the phosphate 
ion is adsorbed as PO,'”; in acid solutions it is apparently H,PO, that is adsorbed.) 

In a series of preliminary experiments, known volumes of solutions prepared from 
electrolytic iron (see p. 2322) were passed through columns of Z.K.-H. or I.R.A.-Cl. 
Although the solutions used at this stage were not saturated, the iron could be removed 
completely from the samples with the cation-exchange resin, but only at a low exchange 
equivalent (0-1 m.-equiv. of Fe/g. of resin; instead of the expected 2—3 m.-equiv./g.). 
The amounts adsorbed by the anion-exchange resin were still lower (about 0-03 m.-equiv./g. 
of resin). However, it was established by these experiments that iron was present as a 
complex anion. Further, by using suitable quantities of solution it was possible to remove 
all the iron from a sample by passing it through a column of Z.K.-H and then one of 
I.R.A.-Cl, or in the reverse direction. This showed that there was probably an equilibrium 
between ferric cations, or even complex cations, and anionic complexes containing iron, 
and that this was readily displaced either way. In an attempt to remove the iron from 
solution with the anion-exchange resin at a higher efficiency, further experiments were 
carried out with the resin in the phosphate form. It was found that the amounts of iron 
adsorbed by it were comparable with those retained by the cation-exchange resin. This 
observation is considered to add weight to the arguments advanced on p. 2317 for the need 
to examine this system in the absence of chloride ions. The results of this preliminary 
examination are summarised in Table 1. 

The solutions used for these experiments tended to precipitate ferric phosphate on 
dilution, as would be expected from the rapid decrease of solubility of ferric phosphate in 
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phosphoric acid with increasing dilution. To avoid the formation of a precipitate in 
the columns, it was necessary to adjust the level of liquid in the column to just below the 
top of the resin. The acid liberated by the exchange reaction then proved sufficient to 
prevent precipitation of the tertiary ferric phosphate. In one or two cases (not recorded 
in Table 1) where this precaution was not taken and a precipitate formed, it was immediately 
visible against the coloured resin and it also appeared as a suspension in the effluent from 


TABLE 1. Column experiments with ferric phosphate solutions. 
Fe, % 


/o * 
= 





Solution : rc ——, Fe (m.-equiv.)/g. 
P “A — Columns : ¢ adsorbed on in of resin on : 
P,O;, M Fe,O;,M MI. used 2 Z.K. I.R.A. effluent Z.K.  I.R.A. 
. 25-00 .K.-H. 0-01 — 
9-001 . 50-00 Z.K-H. ¢ - 0-02 
0-066 5-8! .K.-H. Z.K.-H. . 0-12 
0-015 2 Z.K.-H. A. ¢ y i 0-09 
0-067 5: Z.K.-H. A.-C 96- “f i 0-19 
0-046 5: A.-C .K.-H. 2 i 0-12 
0-066 5- ; Z.K.-H. 9- . 2 0-16 
0-067 . A. Z.K.-H. ~ 0-16 


; _.K.-H. 0-07 
0-066 “6: IRA-PO, J 9¢ - 
IRA-PO, -- 
* P,O, in these solutions was estimated approximately from the quantity of phosphoric acid used 
in preparing them. 
+ The columns used held about 10 g. of resin (dry weight). 





the column. It did not seem likely, therefore, that the retention of iron in the experiments 
just described was due to the formation of a precipitate in the columns, for it was not seen 
either there or in the effluent. 

Tests showed that the cation-exchange resin adsorbed little or no phosphate with the 
iron and that the simple ferric ion was being adsorbed in preference to any complex cations 
which might be present. Consequently, the reaction with anion-exchange resins was 
studied. 

In order to avoid the possibility of precipitation of the tertiary ferric phosphate arising 
from dilution of the solutions, this work was carried out with air-dried 1.R.A.-PO,. Weighed 
portions of this were left in contact with known volumes of saturated ferric phosphate 
solutions at room temperature for 1—8 weeks. The solution was then removed by 
filtration, and the resin transferred to a column and washed with water until the washings 
were neutral to methyl-orange. The column was then eluted with 2N-hydrochloric acid, 
at least 1 1. of acid being required to remove all the iron and phosphate from the resin, and 
the eluate was then analysed for iron and phosphate. The results obtained are shown in 
Table 2 and are plotted in Fig. 1. It can be seen that the molar ratio of phosphoric oxide 


TABLE 2. Batch experiments with I.R.A. 400-phosphate (air-dried). 


Resin 
Solution —_ — as 
yam =, Adsorbed : Fe (m.- 
P,O,/ ’ fei . Fe,Oy, P,O,/ equiv.) /g. 
Fe,O, sed, g. a mg. Fe,O, of resin * 
7:37 181 3- 
6-60 “2 238 . 
5-65 . 260 . 
9-01 2: . 179 
17-3 . f 143 
60-5 . 76 


* Calc. by taking one-third of the atomic weight of iron as its equivalent weight. 








to ferric oxide adsorbed varies with the concentration of phosphoric oxide in the solution 
in a manner similar to that shown by the ratio of those two substances present in solution, 
but the ratio of the amounts adsorbed on the resin is always less than the ratio of those 
present in saturated solutions. This suggests that there is present in these solutions a 
complex ferric phosphate anion which is stabilised by the presence of varying amounts of 
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excess of phosphoric acid. It appears also that the complex anion is more readily adsorbed 
by the anion-exchange resin than are the simple phosphate anions. The amount of excess 
of phosphoric acid needed to stabilise the complex is a minimum for solutions containing 
25°, of phosphoric oxide; for here the ratio of phosphoric oxide to ferric oxide has its 
minimum value, which is approximately 3. At this point the ratio of phosphoric oxide to 
ferric oxide adsorbed on the resin is also a minimum and again approximately 3. The 
inference is that at this concentration the solution contains a complex comprising three 
phosphate groups for each iron atom and that it is stabilised by a very small excess of 
phosphoric acid. 


Fic. 1. Fic. 2. Fe,0O,-P,0,-H,O at 25° (metastable). 


o 
| Solutions: 
© Cameron & Bell 
A Carter & Hartshorne 
O Present work 


Vv Present work 
(meta-stable equilibrium) 


@ Adsorbed on resin 
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A less likely interpretation, but one that must be considered, is that a complex 
containing two phosphate groups per iron atom is present in solution. At the minimum in 
the curve at 25°, of phosphoric oxide, this complex would occur together with an equi- 
molecular amount of phosphoric acid and these would be adsorbed by the resin in the same 
ratio. For this to happen, it would have to be the case that the complex and the simple 
phosphate ions were adsorbed with equal readiness by the resin. If this were true then 
with the more dilute solutions containing a higher ratio of phosphoric oxide to ferric oxide 
it would be expected that complex and simple ions would still be adsorbed in the same 
ratio as that in which they were present in solution. The results, however, do not support 
such a supposition. 

The slight rise in the ratio of phosphoric oxide to ferric oxide adsorbed on the resin 
which occurs with solutions containing more than 25°% of phosphoric oxide may be a 
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result of increasing the concentration of phosphoric acid—and thus its competition in 
adsorption by the resin—or it may be due to the formation of complexes with increasing 
numbers of phosphate groups. With solutions containing less than 25°% of phosphoric 
oxide, however, the increase in the ratio of phosphoric oxide to ferric oxide adsorbed is 
consequent on the increase in the ratio of these substances present in solution. The 
investigation was not extended to solutions containing less than 6% of phosphoric oxide 
because of the difficulty of obtaining them in a state of stable equilibrium. However, it 
was observed that with an unsaturated solution containing 2-24°%, of phosphoric oxide 
(P,0O,;/Fe,0, = 274) all the iron present was removed from about 40 ml. of solution by 
10 g. of air-dried I.R.A.-PO,. The inference is justified, therefore, that, even at this 
dilution, anionic complexes are present. 

The complex can apparently exist in a metastable state in the presence of a smaller 
excess of phosphoric acid than is required for stability, as indicated by the broken line in 
Fig. 1 (see Table 3b). The work of Cameron and Bell (/oc. cit.) and of Carter and Hartshorne 


TABLE 3. 
(a) Solutions in stable equilibrium. (6) Solutions in metastable equilibrium. 
Solution : Solution : Moist solid : * 


P05, % Fe,03,% P,O;s/Fe,O, P,0O5,% Fe,03,% P2,05/Fe,O,; P,O,, % 

8-77 0-62 15-95 5-13 1-53 3-78 22-83 
17-30 2-15 9-07 13-64 4:26 3-60 43-7 
27-4 7-63 4-04 17-59 418 4°73 55-6 
29-1 4°95 6-60 3°97 0-87 5-13 9-41 
31-3 4-77 7:37 7:87 1-65 5-37 24-1 
41-7 3-23 14-5 16-72 4-37 4-30 27-0 19-49 

* I, Solid phase apparently Fe,0,,3P,0,,6H,O. II, Solid phase apparently Fe,O,,P,0,,5H,O. 





(loc. cit.) has shown that stable solutions containing less than 25% of phosphoric oxide are 
in equilibrium with a solid containing phosphoric oxide and ferric oxide in a molar ratio of 
1:1. It may be inferred then that, once substitution of phosphate groups by aquo-groups 
starts, a stable state is not reached until the ratio of phosphoric oxide to ferric oxide becomes 
1 : 1, at which stage solid tertiary phosphate is precipitated. As this hydrolysis proceeds, 
phosphoric acid is liberated and this in the end becomes sufficient to stabilise a small amount 
of complex remaining in solution. 

In Table 30 and in Fig. 2 data are presented relating to solutions and moist solid phases 
in metastable equilibrium at 25°. Because metastable states cannot be produced at will, 
they refer to only a few solutions, but they show that, in a region of the phase diagram 
where previous workers found the tertiary phosphate to be the stable solid phase, it is 
possible to obtain a metastable state where a substance apparently having the composition, 
Fe,0;,3P,0,,6H,O, is the solid phase. It appears that this is the case only when the 
ratio of phosphoric oxide to ferric oxide in the solutions is not far from 3, otherwise the solid 
phase seems to be the tertiary phosphate, even for solutions in a state of metastable 
equilibrium. The circumstance that solutions containing phosphoric oxide and ferric 
oxide in a ratio slightly greater than 3 can exist in equilibrium, albeit only a metastable 
one, with a solid in which they are present in a ratio of 3 to 1, lends support to the view 
that the complex contains three phosphate groups per iron atom. 

The fact that at 25°% of phosphoric oxide the amount of phosphoric and ferric oxides 
adsorbed by the resin corresponds to a ratio of slightly less than 3 is probably not significant, 
since, for reasons given on p. 2323, the values of the ratios adsorbed shown in Table 2 are all 
0-1—0-2 too low. 

Although it must be accepted with reserve, evidence was obtained that in the solutions 
in metastable equilibrium a complex with fewer phosphate groups than 3 may occur. It 
came from two experiments with such a solution using I.R.A.-PO,. The results, shown 
in Table 4, suggest that a complex containing 2 phosphate groups per iron atom may have 
been present together with one containing 3 phosphate groups. For reasons already 
given, these results—obtained as they were with a solution in metastable equilibrium— 
are not regarded as conclusive. 
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This investigation thus indicates that there is present in ferric phosphate solutions a 
complex containing three phosphate groups per iron atom. Some support for this 
conclusion is provided by the examination of some metastable states of the ferric phosphate 
system. The phosphate group presumably acts as a bidentate group in the complex, 
but, at this stage, it is not certain whether it is the HPO,” or the PO,’’’ group which is 
present. The complex may, therefore, be either H,[Fe(HPO,),] or H,[Fe(PO,)s]. 


TABLE 4. Experiments with solutions in metastable equilibrium. 
Solution : Resin : 


¢ —_ ‘ c Pam 

Vol. Weight Adsorbed : 

P,O,, % Fe,0O;, % P,O;/Fe,0,; used, ml. used, g. P,O;, mg. Fe,0O;,mg. P,O,/Fe,O, 
6-23 0-88 7-95 200 6-00 581 303 2-15 
50 6-00 583 273 2-40 





= 


EXPERIMENTAL 


Preparation of Solutions —The methods used were: (a) Dissolving the tertiary phosphate 
or ferric hydroxide in phosphoric acid (7M or stronger) to obtain a saturated solution at about 
80° and then diluting this to the required concentration. (b) Dissolving electrolytic iron in 
phosphoric acid of the required concentration, oxidising the solution so obtained with hydrogen 
peroxide (80-vol.) and either allowing the excess of hydrogen peroxide to decompose at 25° or 
hastening this process by short warming on a water-bath. (Care had to be taken with solutions 
containing less than 25% of P,O, not to heat them for too long, since—as a result of the negative 
temperature coefficient of solubility—a solid separated on overheating and it redissolved only 
slowly at lower temperatures.) The solutions were then allowed to come to equilibrium with a 
solid phase before use. The more dilute solutions were colourless, the others lilac-coloured. 

Preparation of Ferric Hydroxide.—This was obtained by precipitation from ferric alum 
solution with ammonia and was washed by decantation; each fresh batch of wash water was 
thoroughly mixed with the suspended hydroxide by several hours’ stirring before it was allowed 
to settle. When the washings were free from sulphate, the hydroxide was filtered off, washed, 
and left to dry in the air. Some hydroxide was lost in washing, but the product appeared to be 

pure. 
: Preparation of Ferric Phosphate.—To a solution of ferric alum (25 g.) in dilute sulphuric acid 
(12 ml. of 6N-acid in 300 ml. of water) a solution of sodium dihydrogen phosphate (25 g. of 
dihydrate in 400 ml. of water) was added; on heating, a white voluminous precipitate formed 
and this gradually became more granular. After several hours the suspension was allowed to 
cool, the liquid layer was decanted and replaced by a solution of 1 ml. of concentrated phosphoric 
acid in 500 ml. of water, and the suspension heated on a water-bath for 5—6 hours. The 
supernatant liquid was decanted, and the process repeated two or three times, but with water 
in place of acid. The precipitate was then filtered off, washed, and air-dried. It was free 
from sodium [Found: Fe,O,, 40-27; P,O,; (by diff.), 35-94; H,O 23-79. Calc. for 
Fe,O;,P,0;,54H,O : Fe,O;, 40-30; P,O,;, 35-82; H,O, 23-87%]. It was assumed to be the 
compound, FePO,,2$H,O, described in the literature, but incompletely dried. 

Materials.—With the exception of the electrolytic iron, analytical-grade reagents were used 
in preparing all compounds and solutions. The commercial resins (see p. 2318) were freed from 
“ fines ’’ and given a preliminary treatment with 2N-hydrochloric acid. To convert the anion- 
exchange resin into the phosphate form, 25 g. of resin in a column were treated with sodium 
dihydrogen phosphate solution (100 g. of dihydrate/l.) until the effluent was free from chloride. 
The resin was then washed with water until the washings were neutral to methyl-orange (pH 5 
approx.). 

Apparatus.—The containers used were Monax or Pyrex boiling-tubes or flasks closed with 
rubber bungs. The thermostat for the phase-diagram studies was kept at 25°+0-1°. 

The columns used for the ion-exchange experiments were of conventional design and made 
of hard glass with a grade 2 sintered disc sealed in position. Two sizes of column were used, 
one capable of holding 10 g., and the other about 25 g. of resin (dry weight). 

Procedure.—In the analysis of solutions, samples were taken by pipette and were transferred 
to weighing bottles which were immediately stoppered. After the samples had been weighed, 
a few ml. of concentrated hydrochloric acid were added (to prevent precipitation on dilution) 
and the solutions diluted to known volume, aliquot portions being taken for analysis. The 
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moist solid phases were separated as far as possible from the solutions by filtration. They were 
then weighed, dissolved in hydrochloric acid, and treated in the same way as the solutions. 

In the column experiments with the ion-exchange resins, the solutions were added dropwise 
from a tap-funnel or burette and were followed in each case by at least 1 l. of water. The 
materials adsorbed by the resin were removed by elution with 2N-hydrochloric acid, 1—1} 1. being 
used. After the eluted column had been washed with water until the washings were neutral to 
methyl-orange, the resins were ready for further use. 

In the batch experiments, it was found that the composition of solutions in contact with 
resins varied for the first 3 days, but then remained constant. In practice a longer time was 
allowed before filtering off the solution and washing the resin carefully with small portions of 
water. After being transferred to a column, the resin was washed until the washings were 
neutral to methyl-orange and then eluted with 2Nn-hydrochloric acid. The eluate (approx. 
1} 1.) was evaporated to about 25 ml., diluted to 200 ml., and passed through a column of Z.K.-H 
(25 g.) to remove the iron. It was followed by 1 1. of water, the phosphate being determined in 
the combined effluent and washings. The column was eluted with 2N-hydrochloric acid, the 
iron being determined in the effluent. 

Analytical Methods.—Iron was determined by titration with standard potassium dichromate 
solution (approx. N/20) after reduction with stannous chloride. Diphenylamine was used as 
the indicator. 

Phosphate was determined by titration with standard bismuth oxyperchlorate solution 
(approx. M/20) (Salmon and Terrey, J., 1950, 2813). Iron was first removed by percolating the 
solution through a column of Z.K.-H. The hydrochloric acid added to the samples interfered 
in the titration with bismuth oxyperchlorate and was first removed by evaporating the effluent 
nearly to dryness and then heating it on a steam-bath until no more acid fumes were evolved. 

In the separation of iron in this way from the eluates from the batch experiments with 
I.R.A.-PO,, it was found that some of the phosphoric acid was retained by the Z.K.-H. column 
and was eluted from it together with the iron on treatment with 2N-hydrochloric acid. The 
amount involved was determined by evaporating an aliquot portion of the eluate to dryness, 
dissolving the residue in concentrated nitric acid (25 ml.), boiling the solution to expel brown 
fumes, and diluting it with water before precipitation as ammonium phosphomolybdate. The 
amount of phosphate held by the Zeo-Karb seemed to vary with the amount of iron adsorbed, 
but corresponded to approximately 3% of the phosphoric acid present in the sample. As a 
determination was not made in every case, the values in Table 2 have not been corrected to allow 
for this and the values of the ratio in the eighth column are consequently about 0-1 too low. 

In the analysis of the solutions and moist solid phases, where much smaller quantities of 
iron were being separated, no significant retention of phosphate by the Zeo-Karb resin was 
observed. The effluent and washings from the Zeo-Karb columns were also tested for iron but 
the amount present was negligible. 

Although the analytical-grade hydrochloric acid used in making the 2N-acid contained but 
little iron, the large volumes of it used in the course of the batch experiments meant that some 
iron was introduced in this way. A blank experiment showed that about 5 mg. of iron could 
be thus introduced. The amounts found for the iron adsorbed are, as a result, about 2% too 
high and the values of the ratio in the eighth column of Table 2 are consequently about 0-1 too 
small. It follows that the deviation of the lowest value from 3 is not significant. 

The water present in the tertiary phosphate was determined by the loss on heating it to 
constant weight at dull red heat. 


The gifts of the resins used in the experiments are gratefully acknowledged. The author 
also thanks Mr. H. Terrey for his kindly interest in this work. 


BATTERSEA POLYTECHNIC, S.W.11. [Received, January 2nd, 1952.) 
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434. The Separation of Quadrivaient and Quinquevalent Vanadium 
from Phosphoric Acid by Ion-exchange Resins ; Some Observations 
on the Reduction of Quinquevalent Vanadium by Ion-exchange Resins. 


By J. E. SALMon and H. R. TIErTzeE. 


By use of cation-exchange resins, vanadium, in both the quadrivalent 
and the quinquevalent state, has been separated from phosphoric acid solu- 
tions. The adsorption of quinquevalent vanadium was accompanied by a 
partial or even complete reduction to the quadrivalent state. 


In another investigation we needed to determine phosphoric acid in the presence of 
vanadium. Difficulties were encountered in applying the usual methods because of inter- 
ference. The volumetric method using bismuth oxyperchlorate (Salmon and Terrey, /., 
1950, 2813) was not applicable to samples containing appreciable quantities of vanadium 
because the colour of the solutions obscured the yellow colour of the indicator at the end 
point. Kakihana (Bull. Chem. Soc. Japan, 1949, 22, 242) has described the separation of 
quinquevalent vanadium from solutions by cation-exchange resins, but not in the presence 
of phosphate. No investigations concerning the ion-exchange separation of quadrivalent 
vanadium from phosphate solutions appear to have been reported. 

In the present work solutions obtained by dissolving vanadium pentoxide in hydrogen 
peroxide were mixed with known volumes of phosphoric acid or potassium dihydrogen 
phosphate solutions of known concentration. The mixed solutions were passed through 
columns of cation-exchange material, either directly or after previous reduction to the 
quadrivalent state. Removal of vanadium from the solutions was sufficiently effective in 
both cases to permit determination of phosphate in the effluent by titration with bismuth 
oxyperchlorate (see Tables 1 and 2). 


TABLE 1. Removal of quadrivalent vanadium from phosphate solution by Zeo-Karb 215(H) 
and determination of phosphate in the effluent. 


Solution : Effluent : 


V,O0,, mg. Vol., ml. Method of reduction P,O,, found, mg. 
5 SO, 90 
100, 101, 102, 105 
98, 101 
105, 105 
” : 100, 101 
120 23 i i 117, 118 
120 2% i Hg 117, 118, 118 
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Although the experiments on the separation of quadrivalent vanadium were carried 
out exclusively with Zeo-Karb 215(H), yet in the work with quinquevalent vanadium not 
only were several resins used, but the separation from phosphoric acid was compared with 
that from other acids (Table 2). 

It proved possible also to separate the vanadium at least partly from the solutions of 
vanadium pentoxide in hydrogen peroxide alone by means of the hydrogen forms of Zeo- 
Karb 215 and 225 and of Amberlite I.R.120. This supports the views of certain workers 
(e.g., Meyer and Pawletta, Z. anorg. Chem., 1927, 161, 361) that in such solutions there 
exists, after the decomposition of the per-compounds initially present, an equilibrium 
between vanadyl [V(v)] cations, such as VO,*, and vanadate anions. The fact that the 
vanadium is as readily removed from phosphoric acid solutions as it is from sulphuric acid 
or hydrochloric acid solutions would appear to be in accord with the views of Jander and 
Jahr (Kolloid Beth., 1934, 41, 1, 297) that at low pH values vanadyl [V(v)] phosphates 
rather than phosphov anadic acids are present. 

The separation of vanadium from potassium phosphate solutions was also effectively 
achieved provided that not too much phosphate—and hence potassium—was present. 
The potassium ions introduced seemed to be adsorbed more readily than the vanadium or 
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vanadyl ions. This view is supported by the fact that with resins in the ammonium or 
sodium forms the adsorption of vanadium from phosphoric acid solutions was greatly 
reduced. This suggests that the ion being adsorbed is not one carrying a high charge and 
may consequently be VO,* (Carpenter, J. Amer. Chem. Soc., 1934, 56, 1847). 


TABLE 2. The separation of quinquevalent vanadium by cation-exchange resins. 
Solution Resin : Effluent: Eluate: 
Acid or ; V, %, P,O,, 
salt added : Type adsorbed mg. V(tv),% 
None Ni “2 Z.K. 215 (H) (ca. 15 g.) 30 - All* 
H,;PO, is 100 100, 100 100 
100 50 All * 
oe 50 . 100 
” 100 - 100 
= 95 All* 
- 100 - All * 
15 (NH,) (ca. 15 g.) 62 aint All* 
25 (H) (ca. 15 g.) 40 . 70 
oe 100 102 Some * 
” j — 55 
- — Some * 
216 (H) (ca. 5 g.) ‘ 100 
” - 100 
. 120 (H) (ca. 5 g.) —- All * 
es - Ali* 
o» 104 All * 
” j : 100 
” j — All * 
H,;PO, I.R. 120 (Na) (ca. 5 g.) ‘ -—- Some * 
H,PO, ‘9 I.R.C. 50 (H) (ca. 5 g.) -- Nil * 
” 1-9 ye - Nil * 
* Estimated qualitatively from the colour of the effluent. 





~ « 
— 


KH,PO, 
H,SO, 
HCI 
H,PO, 
None 
H,PO, 
KH,PO, 
H,PO, 


None 
H,PO, 


Oy dee ree 
o© owen: 


9 
9 


@revr 


co 


KH,PO, 
H,SO, 


waddt 


— he eh OO 8 OS 
oz . * * . eo. 
S 


Although the original solutions before passage through the columns were yellow, yet 
when the columns were eluted with 2N-acid (HCl or H,SO,) before re-use, the eluate was 
blue, indicating that the vanadium had been reduced to the quadrivalent state. This 
reduction was quantitative with Zeo-Karb 215 and 216 and Amberlite I.R.120 and could 
be repeated a number of times with the same material (at least a dozen times with two 
columns of Zeo-Karb 215), but with Zeo-Karb 225 the reduction was only partial. In the 
cases where only part of the vanadium was adsorbed by the resin, that appearing in the 
effluent was all in the quinquevalent state and only that eluted from the column was 
reduced. 

In the preparation of vanadium pentoxide sols by means of Amberlite I.R.100(H) and 
Dowex 50(H), Devlin, McNabb, and Hazel (J. Franklin Inst., 1949, 248, 251) found that the 
Amberlite resin caused partial reduction of vanadate to vanadyl [V(1v)] ions, but these 
authors appear to assume that reduction preceded adsorption, a view hardly compatible 
with our results. 

That some resins at least possess mild reducing properties has been known for some 
time. For example, the reducing properties of Amberlite I.R.1 have been described by 
Boyd, Schubert, and Adamson (J. Amer. Chem. Soc., 1947, 69, 2818), who attributed this 
property to the presence of phenolic groups in the resin. Devlin, McNabb, and Hazel 
apparently ascribe the reduction by Amberlite I.R.100 to the same cause. 

Of the resins used in our work, the reducing properties of Zeo-Karb 215 (phenolsulphonic 
acid) and Zeo-Karb 216 (carboxylic acid type, with some phenolic and sulphonic acid 
groups) could be similarly accounted for. The fact that reduction occurs only on adsorp- 
tion and not just on contact could be explained by postulating that the phenolic groups 
only cause reductiori of the vanadium when they are in the ionic form. At the pH of our 
solution the ionisation of the phenolic groups would be negligible, the exchange capacity 
being due to the more strongly acidic groups (e.g., SO,H), but as the pH rises during washing 
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of the column with water the phenolic groups would tend to ionise and thus become effective 
as reducing agents. 

The behaviour of Amberlite 1.R.C.50 (carboxylic acid, weakly acidic, monofunctional) 
in neither adsorbing nor reducing can also be understood, but the explanation just given 
cannot account for the reducing properties of Zeo-Karb 225 or of Amberlite I.R.120 (both 
sulphonated cross-linked polystyrene, monofunctional) for they do not contain phenolic 
groups as far as is known. Whatever is responsible for their ability to reduce, it is appar- 
ently effective only on adsorption. It is noteworthy that Zeo-Karb 225 is a much weaker 
reducing agent than the resins known to contain phenolic groups. 

Solutions containing quinquevalent vanadium compounds might prove useful for 
detecting reducing properties in ion-exchange resins, as the change in colour accompanying 
reduction makes it easy to observe and the reduction product is easily removed from the 
resin. 

EXPERIMENTAL 


Ion-exchange Columns.—These were of the conventional type. Two sizes were used, one 
holding about 5 g. of resin (dry weight) the other 15g. After use the columns were regenerated 
by elution with 2N-acid (HCl or H,SO,) and then washed until free from acid. 

Solutions.—The vanadium pentoxide solutions were made by dissolving weighed quantities 
of the pure oxide (examined spectroscopically) in hydrogen peroxide (20-vol.) in the cold. The 
solutions so obtained evolved oxygen for some time, finally giving a clear dark red solution 
containing quinquevalent vanadium and no peroxide (as shown by titration with standard 
ferrous sulphate). As solid material slowly separated from these solutions, they were filtered 
and analysed immediately before use. 

Phosphate solutions were made either from weighed quantities of potassium dihydrogen 
phosphate or by diluting concentrated phosphoric acid and standardising the resulting solutions 
against bismuth oxyperchlorate. 

Analysis.—Vanadium was determined by titration with standard potassium permanganate, 
after reduction to the quadrivalent siate when necessary. When vanadium was determined in 
eluates from the columns, sulphuric acid (2N) was used as the elutriant. 

The results for the total of vanadium found in the effluent and eluate were found slightly to 
exceed the quantity initially present. This may be due to small quantities of organic material 
from the resins, which would be oxidised by potassium permanganate. 

Phosphate was determined by titration with bismuth oxyperchlorate (Salmon and Terrey, 
loc. cit.). 

Reduction of Vanadium to the Quadrivalent State.—For both the column experiments and the 
analysis this was most conveniently achieved by the use of liquid sulphur dioxide, excess of which 
was removed by boiling. This method of reduction was preferred to that using mercury 
(McCay and Anderson, J. Amer. Chem. Soc., 1922, 44, 1018). A Jones reductor could not be 
used with solutions containing phosphoric acid because some insoluble zinc phosphate was 
formed. 

In the column experiments with quadrivalent vanadium the sulphuric acid, formed in the 
reaction with sulphur dioxide, interfered in the final titration of the phosphate. It was best 
removed before passage of the solutions through the columns by addition of a very small excess 
of barium hydroxide; the slight amount of barium remaining in solution was then removed by 
the resin together with the vanadium and so did not interfere in the titration. 


The information concerning the Amberlite resins I.R.C.50 and I.R.120 was taken from the 
data sheets of Messrs. Rohm and Haas (Resinous Products Division) kindly supplied by Messrs. 
Charles Lennig and Company, Limited. We are indebted to Dr. T. R. E. Kressman of the 
Permutit Company Limited for the facts concerning the Zeo-Karb resins and for permission to 
quote them. ° 


BAITERSEA POLYTECHNIC, Lonpon, S.W.11. [Received, March 7th, 1952.) 





[1952] Reeve and Israel. 2327 


435. The Kinetics of Chlorohydrin Formation. Part IV.* The 
Reaction between Hypochlorous Acid and Ethyl Crotonate in the 
Presence of Sodium Acetate—Acetic Acid Buffers of Constant pH. 


By K. D. REEVE and G. C. IsRAEL. 


The kinetics of the addition of hypochlorous acid to ethyl crotonate in 
aqueous solutions in the presence of sodium acetate—acetic acid buffers of 
pH 4-74 have been studied and it is shown that the reaction conforms to the 
velocity equation : 

v = k,}{HOCI)[EtR] + &,"[HOCI}*{EtR] + £,™[HOCI[HOAc)[EtR} 
where [EtR] is the concentration of ethyl crotonate. ,'[HOCI}[EtR] is 
interpreted as the rate of direct interaction between hypochlorous acid and 
the ester, k,"{HOCI}*{EtR] as the rate of reaction between chlorine monoxide 
and the ester, and k,!{HOCI}[HOAc][EtR] as the rate of interaction of 
acetyl hypochlorite and the ester. The velocity equation for this reaction 
has been compared with that for the reaction between hypochlorous acid 
and allyl alcohol under similar conditions, and the relative reactivities of 
hypochlorous acid and chlorine monoxide with ethyl crotonate have been 


determined and compared with the theoretical estimate of such relative 
reactivities. 


Stupt1Es of the kinetics of addition of hypochlorous acid to allyl alcohol in aqueous solution 
(Parts I and II, J., 1950, 1282, 1286) showed that in the presence of sodium acetate—acetic 
acid buffers acetic acid and hypochlorous acid form acetyl hypochlorite, which is a potential 
source of “‘ positive chlorine ’’ and, as fast as it is formed, reacts with the ethylenic linkage 
in allyl alcohol. Evidence was also obtained that chlorine monoxide, which is always 
present in aqueous solutions of hypochlorous acid, acts similarly. 

Similar studies on the kinetics of addition of hypochlorous acid to crotonic acid 
(J., 1952, 550) revealed a somewhat different type of kinetic equation although this was 
due to the different reaction conditions : the buffer was in this case a mixture of crotonic 
acid and sodium crotonate, so as to avoid the formation of different acyl hypochlorites. 
The kinetic equation found was : 


v = k,![HOCI|((HR] + [R-]) + (Ag + As"[HR][HOCIP . . . (1) 


k," has been interpreted as the specific reaction rate for the formation of chlorine monoxide, 
and k," as the corresponding specific rate for the same reaction catalysed by un-ionised 
crotonic acid. Comparison of this equation with that found for the reaction involving 
allyl alcohol in the presence of sodium acetate-—acetic acid buffers of pH 4-75, viz. : 


v = k,{HOCI][C,H,-OH] + (ky! + ks"[HOAc])[HOCI]}? + &,!™[HOCI][HOAc] (2) 


shows that, on the basis of the interpretations advanced for the mechanism of the reactions, 
the values of k,"! in equations (1) and (2) should be identical. However, it was found that 
k,™ in equation (1) was 4-0 + 0-3 and that in equation (2) 8-2 + 0-7 1. mole min.. It 
should be noted that the pH was approximately the same in both cases and that 
the difference exceeds the experimental error, considerable though this was. To 
investigate the effect of reaction conditions we have studied the kinetics of addition of 
hypochlorous acid to ethyl crotonate in the presence of sodium acetate-acetic acid buffers 
containing equal concentrations of acetate ion and un-ionised acetic acid. All experiments 
were carried out at 25-00° + 0-01°. 


EXPERIMENTAL 


Materials.—Ethy1 crotonate, prepared by esterification of pure crotonic acid, was washed 
thoroughly with water and sodium hydrogen carbonate solution, dried (MgSO,), and redistilled. 
It had b. p. 137—139° and nf 1-4238. 


* Part III, J., 1952, 550. 





Reeve and Israel: 


Hypochlorous acid was prepared as described in Part III (loc. cit.). The sodium acetate— 
acetic acid buffer was prepared by treating an acetic acid solution of suitable strength (from 
purified glacial acetic acid) with carbonate-free sodium hydroxide solution. The pH was 
checked with a Jones pH meter, standardised against potassium hydrogen phthalate solution 
(pH 4-01), and was found to be 4-74 (Calc., 4-75. Cf. Jeffery and Vogel, J., 1932, 2829). 

Solubility of Ethyl Crotonate in Water.—A saturated solution of the ester was hydrolysed 
with 0-0942N-sodium hydroxide at 25° for about 60 hours. The resultant solution was titrated 
with 0-0876N-hydrochloric acid. Duplicate experiments gave the concentration of the ester 
as 0-0825 and 0-0833m. For the kinetic experiments, a stock solution of strength 0-04m was 
found to be most suitable. 

Kinetic Methods.—Preliminary experiments showed that the reaction between hypochlorous 
acid and ethyl crotonate occurred much more slowly than that between hypochlorous acid and 
allyl alcohol. Suitable quantities of ester and buffer solutions were made up with water to a 
total volume of 75 ml. The reaction was started by adding 25 ml. of hypochlorous acid solution 
of suitable concentration and shaking the resulting mixture. Samples, each of 10 ml., were 
withdrawn every 30 minutes and run into 10 ml. of 2% potassium iodide solution acidified with 
10 ml. of 5N-acetic acid. The iodine liberated was titrated with sodium thiosulphate. The pH 
of each reaction mixture was also measured. 

Determination of vo.—The most satisfactory linear relation was obtained by plotting the 
reciprocal of the titre against time. Otherwise the method of determination was similar to that 
described in Part I (loc. cit.). 

RESULTS 


Experiments were carried out to determine separately the effect of varying the initial 
concentrations of the ester, buffer, and hypochlorous acid. Results are listed in Tables 1 and 2. 

In each case the pH of the reaction mixture was slightly lower than that of the buffer used 
but remained almost constant during the course of the reaction. 


TABLE 1. [EtR]) = 1 x 10m. 


10® v, (mole 1.-! min. 10%, (mole 1. min.) 

bs. Calc. 103}HOAc}] 108[HOCI), Obs. Calc. 
0-79 12 1-33 1-60 1-61 
1-45 . 2-57 2-71 
5-39 5-66 
8-10 

10-9 

12-1 

15-7 

20-7 
1-89 
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TABLE 2. [HOAc]= 5 x 10°. 
10°7EtR], 12 
103 HOCI), 32 “28 10-25 
10%v, (mole 1. min.~') (obs.) - . 29-2 
10%, (mole 1.-! min.~) (calc.) 9- “ 27-0 
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A plot of the results given in Table 2 shows that the reaction velocity varies linearly with 
the concentration of the ester, even though the concentration of hypochlorous acid was not 


quite constant; thus, 
v,c(EtR], Sot Se eT oe eee 


A plot of the variation of the initial velocity against the initial concentration of hypochlorous 
acid for constant concentrations of ester and of buffer was parabolic. Consequently it was 
assumed that this variation could be expressed by : : 


vp = k,{HOCI], + kgf[HOCI),2 vilak ware a 
or v,/[HOC]), = ky + k,(HOCI), . . ° ° . . . (5) 


That this equation is of the correct type is clear from Fig. 1 (in which, for clarity, only three of 
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the five sets of values in Table 1 are plotted), the best lines being located by the method of 
least squares. The values of k, and ky obtained for each plot are : 
6 9 
0-591 0-784 
0-165 0-168 


ky is thus reasonably constant, the mean being 0-164 1. mole! min.-1. On the other hand the 
variation of k, with the concentration of acetic acid is clear from Fig. 2, from which it was 
deduced that k, was given by 
k, = 1-70 x 10-* + 6-83 x 10°(HOAc] aida aoe 
Combination of equations (3), (4), and (6) gives the complete velocity equation as : 
vo = k,1{HOCI},[EtR], + 4,4[HOCI],*{EtR), + &,™[HOCI),[EtR],{[HOAc}] . (7) 
or, by substitution of the values for the three rate constants : 
vp = 1-70 x 10-*[HOCI),[EtR], + 16-4[HOCI),*{EtR]), + 6-83[HOCI),[EtR},[HOAc]} (8) 
That equation (8) provides a satisfactory interpretation of the course of the reaction may 
be seen from Tables 1 and 2, in which values of v, calculated from this equation are seen to be 


in satisfactory agreement with the experimental values. 
7K 
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DISCUSSION 


In equation (7), k,' is obviously the specific reaction rate for the direct interaction of 
hypochlorous acid and ethyl crotonate. The value (1-70 x 10°?) found shows that, in 
ethyl crotonate, the ethylenic bond is much less reactive than that in allyl alcohol 
(cf. Part II, loc. cit.) or crotonic acid (Part III, loc. cit.), no doubt owing to the deactivating 
effect of the carbethoxyl group on the ethylenic linkage. 

The constant k,!! may be interpreted in terms of the attack of chlorine monoxide on 
the ethylenic linkage. This is a three-stage process, the first being the equilibrium 
formation of chlorine monoxide. As indicated in Part I (loc. cit.), chlorine monoxide 
may be expected to be a better source of positive chlorine than is hypochlorous acid. 
However, the lower reactivity of ethyl crotonate, compared with that of allyl alcohol, 
causes the attack of chlorine monoxide on the ester to be the slower and hence the rate- 
determining step. The first two stages are thus : 


2HOCI] == CIO+H,O ..... . . (A) 
and Cl,O + CH,°CH:CH-CO,Et —~ CH,°CH*-*CHCI-CO,Et + ClO- . (B) 
The final stage is the reaction between the carbonium ion and any convenient anion (in this 
case, hydroxy] ion since dilute aqueous solutions have been used). 
For the equilibrium (A) we have : 
Ka,o = [C1,0]/[HOCI}* = 10 (Goldschmidt, Ber., 1919, 52,753) . (9) 
and for the reaction (B) : 
va,o = ka o[Cl,O}[EtR] = ka,o Ka,o[HOCI?[EtR] 
Comparison of equation (10) with equation (7) shows that 
kU = kao Kao 
and by substitution of the values for k," and Ka,0: 
kao = 1-64 x 104 


The relative reactivities of chlorine monoxide and hypochlorous acid as shown by their 
relative rates of reaction with ethyl crotonate are thus: 


keio/k! = (1-64 x 10*)/(1-70 x 1072) = 108 


i.e., chlorine monoxide is 10® times as effective as hypochlorous acid in attack on the 
ethylenic bond and hence as a potential source of chlorine cations (cf. the value 4 x 10° 
estimated for this ratio in Part I). 

In the reaction between hypochlorous acid and allyl alcohol in the presence of 
- sodium acetate-acetic acid buffers (cf. Part II), it was assumed that the term 
(k," + k,4[HOAc])[HOCI]}? of equation (2) represented the rate of formation of chlorine 
monoxide, the latter reacting with the alcohol as fast as it was formed. In this term, 
k,'' was interpreted as the specific rate for the formation of chlorine monoxide catalysed 
by un-ionised acetic acid. The fact that the corresponding term ,"[HOAc][HOCI?[EtR] 
was not found in the rate equation for the reaction involving ethyl crotonate is to 
be expected since, in the latter reaction, the chlorine monoxide present is presumably in 
equilibrium with hypochlorous acid. This confirms the interpretation given (Part II) for 
the term ’," in equation (2). 

In a similar way, the constant &,"™ in equation (7) may be interpreted in terms of the 
interaction of acetyl hypochlorite and ethyl crotonate. This interaction is also a three- 
stage process, the first two stages being : 


HOC! 4+ HOAc = AcOCl + H,O oe oe ae 
AcOCIl + CH,*CH:CH-CO,Et —> CH,°CH**CHCI-CO,Et + OAc~ . (D) 
For the equilibrium (C), 
Kacoa = [AcOCI]/[HOCI][HOAc] 








[1952 Decarboxylation of Acetonedicarboxylic Acid. 


whence for the rate-determining stage (D), 


vacoci = Racoci[AcOCI][EtR] 
= Racom Kacom{HOCl][HOAc][EtR] 
It follows that 
ket = kacom Kacoci 


The value of the equilibrium constant Kacom is still unknown and thus it is not possible 
to obtain a value for the relative reactivities of acetyl hypochlorite and hypochlorous acid 
from this reaction. 

Finally, it is clear that the studies described here do not explain the discrepancy 
observed in the values already reported for the specific rate for the formation of chlorine 
monoxide from hypochlorous acid. To investigate this, it will be necessary to use 
unsaturated compounds of reactivity similar to that of crotonic acid and of allyl alcohol. 


We acknowledge the assistance given by Mr. D. A. Craw who prepared some of the hypo- 
chlorous acid solutions used in this investigation and made valuable suggestions. 
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436. The Kinetics of the Metal-ion Catalysed Decarboxylation of 
Acetonedicarboxylic Acid. 


By J. E. PRUvE. 


The rate of decarboxylation of acetonedicarboxylic acid has been studied 
over a range of pH and in the presence of various catalytically active metal 
ions. The undissociated acid, the univalent ion, and the bivalent ion are all 
decarboxylated at different rates, and it is the rate of decomposition of the 
bivalent ion which is most strongly influenced by metal ions. Catalytic 
constants for the various ions are given. The mechanism of the reaction is 
discussed, and it is concluded that catalysis depends on chelation between 
the activated complex and a metal ion. 


THE kinetics of many reactions showing specific hydrogen-ion and general acid catalysis 
have been investigated in detail, but few reactions have been studied where metal ions 
act as catalysts. Apart from reactions where ions of variable valency function as electron 
carriers, metal ions might be expected to display a more general type of catalytic effect 
owing to their electrophilic powers which are in many ways analogous to those of the 
proton (cf. Bjerrum, Chem. Reviews, 1950, 46, 381). 

The catalysis of the decarboxylation of acetonedicarboxylic acid by metal ions appears 
to have first been observed by Krebs (Biochem. J., 1942, 36, 303). Wiig (J. Phys. Chem., 
1928, 32, 961) studied the spontaneous and amine-catalysed decarboxylation of this acid. 
He found the spontaneous reaction to be of first order, the rate reaching a constant minimal 
value with increasing concentration of hydrogen ion in solution. The reaction was 
written: HO,C-CH,°CO-CH,°CO,H —» CH,°CO’CH; + 2CO,. There were, however, 
certain complexities in Wiig’s results and it will be seen later that his views concerning 
the mechanism of the reaction cannot be sustained. 


EXPERIMENTAL 


Acetonedicarboxylic acid, prepared from citric acid and fuming sulphuric acid (Ingold and 
Nickolls, J., 1922, 121, 1642) was recrystallised three times from ethyl acetate and stored over 
phosphoric oxide in a vacuum-desiccator. It was stable and melted sharply with decomposition 
at 135°; impure samples rapidly decomposed with loss of carbon dioxide. Titration of the 
pure sample against sodium hydroxide gave the theoretical end-point. The approximate 
values of the dissociation constants calculated from the titration curve at room temperature 
measured with a commercial pH meter are K, = 1:8 x 10% and K, = 1-9 x 10+. Hence 





2332 Prue: The Kinetics of the Metal-ion Catalysed 


the unbuffered solution contains undissociated acid and univalent ions, whilst in an acetate 
buffer of [H*] < 3 x 10-5 the acid is almost entirely converted into the bivalent ion. The 
other chemicals used were of “ AnalaR”’ quality; all solutions were made up with doubly 
distilled water, the second distillate being collected through a quartz condenser. Solutions of 
metallic salts were standardised when necessary with standard sodium ethylenediaminetetra- 
acetate, the methods of Schwarzenbach e¢ al. being used (for references see Irving, Ann. Reports, 
1949, 46, 273). 

The kinetics of the decarboxylation were conveniently investigated at 42° + 0-02°, the 
reaction being followed by measuring the pressure of carbon dioxide evolved in an apparatus 
similar to that used by Bell and Trotman-Dickenson (J., 1949, 1288). In an unbuffered 
solution each molecule of acetonedicarboxylic acid loses two molecules of carbon dioxide, but 
in an acetate buffer the second molecule of carbon dioxide is lost very slowly. The reason is 
that loss of one molecule of carbon dioxide produces acetoacetic acid, which in an acetate buffer 
is almost completely converted into the ion. A short extrapolation of Ljunggren’s results (Diss., 
Lund, 1925; quoted by Pedersen, J. Amer. Chem. Soc., 1929, 51, 2098) shows that the acetoacetate 
ion decomposes 55 times more slowly than the undissociated acid at 42°, and hence the very slow 
loss of the second molecule of carbon dioxide under these conditions is explained. The 
spontaneous and metal-ion catalysed decarboxylation was studied in acetate buffer solutions, 
for which accurate values of the hydrogen-ion concentration at various buffer concentrations 
are calculable from Harned and Hickey’s data (ibid., 1937, 59, 1284, 2303). A few measure- 
ments were also made with unbuffered solutions for comparison with Wiig’s results and to 
determine the effect of pH on the metal-ion catalysis. All solutions were made up by weight, 
5 ml. of a solution with an initial concentration of acetonedicarboxylic acid of 0-027m being 
used for each experiment; in unbuffered and acid solutions the initial concentration was halved, 
since the volume of carbon dioxide evolved is twice as great. The solutions were made up toa 
constant ionic strength of 0-6, usually with potassium chloride, but in experiments involving 
lead, cadmium, and zinc salts, potassium nitrate was used instead; cadmium and zinc ions 
form rather stable complexes with chloride ions (Bjerrum, Joc. cit.). 


RESULTS AND DISCUSSION 
(a) Measurements in Acetate Buffer Solutions—The slow decomposition of the aceto- 
acetate ion formed caused a slight curvature of the first-order plots obtained by 
Guggenheim’s method (Phil. Mag., 1926, 7, 538). Corrected first-order constants were 
evaluated as follows. The kinetic scheme may be written as 


ky 
H,O + —O,C-CH,CO-CH,-CO,- —> CH,:CO-CH,CO,- + CO, + OH- 
ky 
H,O + CH,:CO-CH,:CO,- —> CH,CO-CH, + CO, + OH- 


It can easily be shown that the amount of carbon dioxide h produced after time ¢ is given by 
h = [a/(ke — Ry) 2(Rq — hy) — (2kg — hye * + Rye} 2 |. (i) 


where a is the initial concentration of the acetonedicarboxylate ion. Now, according to 
Ljunggren (loc. cit.), k, is 1-6 x 10~4 min."}, and since in these experiments t < 1/k, terms 
higher than &,f may be neglected in the expansion of e~**, This gives 
(2k, — k,) ' kia 
h = 2a — 2 —__' ae *' + —-1 _(1—hkft) . . . . (2 
(t= Ay) — a)" = 
In Guggenheim’s method each reading at time ¢ is considered in conjunction with a reading 
at a time ¢ + +, where + is a suitably chosen interval. Hence 
, (2ke— Rs) 5 a k,a 
h 2a — 32 — LE geht) + A 
(ko — ky) (ko — Ry) 
Combining (2) and (3) and remembering that (h’ — h) is proportional to (r’ — r) where r’ 
and ¢ are the corresponding manometer readings, we get 


logiol (7 — 7) + A] = B—k,t/2-3038 . . . . . (4) 


where A and B are unknown constants for a given experiment, both involving k, and kp. 


(l—A(t+7)] . . (3) 
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Hence, if a value of A is found such that a plot of the left-hand side of equation (4) 
against ¢ is linear, the slope of the straight line gives k,. Now (4) may be rewritten as 


logy(7’ — 7) + A/2-303(r’ — r) = B—k,t/2303 . . . . (5) 
since A/[2-303(r’ — r)] = kk,A=/[2-308(h’ — h) (ky — k,)] <1 


An approximate value of k, was determined from the initial slope of the plot of 
logy» (”’ — 7) against ¢, and A was estimated by plotting logy, (r’ — r) + kt/2-303 against 
1/(r’ —r). This value of A was then used to compute logy, (r’ — 7) + A/2-303 (r’ — r), 
which when plotted against ¢ gave an improved value of k,;. This procedure was repeated 
until values of k, and A satisfying equation (4) were obtained. The revised value of k, 
never differed from the approximate one by more than 7%. In the more strongly metal-ion 
catalysed decompositions there was no deviation of the original plot from linearity, since 
the decarboxylation of the acetoacetate ion is not catalysed by metal ions. Fig. 1 shows a 
typical original and corrected first-order plot. The accuracy of the first-order constants 
obtained is estimated as -+-2%. 
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Catalysis by hydrogen ions. Table 1 gives the values of the rate constants obtained 
over a range of hydrogen-ion concentrations, which were calculated by using a value 
of 3-30 x 10°° for the concentration dissociation constant of acetic acid at 42° and J = 0-6 
(calculated from Harned and Hickey’s data, loc. cit.), and are mean values corresponding 


TABLE 1. (Concns. in moles/kg. of solution.) 


0-622 0-811 0-427 0-618 0-813 
0-353 0-351 0-157 0-161 0-160 

, 22 5-83 7-64 9-00 12-70 16-80 

10°2 ,/2-303 (obs.) ... . “ “4 2-90 3-44 3°81 4-70 5-31 
103k , /2-303 (calc.) ... ° “f “4 2-90 3-44 3-80 4-65 5-39 


to 50% decomposition of the acetonedicarboxylic acid added (initially 0-027m). In the 
first instance the acid was assumed to be completely dissociated ; then, a preliminary value 
for the second dissociation constant having been obtained, the values of the hydrogen-ion 
concentrations recorded were computed. The correction never exceeded 5%. The first- 
order rate constant increases with increasing hydrogen-ion concentration, but not linearly. 
If both the bivalent ion and the univalent ion decompose, the observed velocity constant 
may be written as 


ky = Ra-og- + Aoa-xna- 


where aq,4- = 1 — ag, the fraction of the bivalent acetonedicarboxylate ions converted 
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into univalent ions, is equal to [H*]/(K, + [H*]), where K, is the second dissociation 
constant of acetonedicarboxylic acid. Hence 


ky = ha- + (kna- — Ra-)[H*}/(K, +[H*). . - - . 6) 


A short extrapolation of a plot of k, against [H*]to[H*] = O gives ka- = 1-15 x 10° min.“} 
and a set of simultaneous equations in two unknowns, kya- and K, can then be written. 
Graphical solution gives kya- = 26-5 x 10°3 and K, = 2-10 x 10-*. These values being 
used, the calculated values of k, agree with the observed values within the estimated 
experimental error. Hence the univalent ion decomposes 23 times faster than the bivalent 
ion; the reaction is an example of specific hydrogen-ion catalysis. The value for K, is 
close to the approximate value determined from the titration curve of the acid at room 
temperature (p. 2331). 

Catalysis by cupric ions. Cupric ions exert a powerful catalytic effect, and the first- 
order plots were all strictly linear. Section (i) of Table 2 refers to a series of measurements 
in which the cupric-ion concentration was varied, both the hydrogen-ion and acetate-ion 
concentration being kept constant. The rate constant may be written as 


ky — Ra-aa- tL Aya-ona- R* ou+ +. a~aa-[Cu**] . ° ° ° (7) 


The values obtained for k*cu++.a-, the apparent catalytic constant of the cupric ion, 
are satisfactorily constant. In the experiments of Section (ii) of Table 2, the acetate-ion 
concentration was varied, the ionic strength 
Fic. 2. being kept at 0-6 throughout by varying 
the chloride-ion concentrations. The value 
of k*ou++.a= is seen to be dependent on 
the acetate-ion concentration, and Fig. 2 
is a plot of logy k*cu++.a- against the 
acetate-ion concentration (an average value 
of k*ou-+.a=- has been taken where more 
than one measurement was made at a 
given acetate-ion concentration). The 
points lie on a smooth curve which extra- 
polates to give a value k*oy++.4- = 36-4 
: at [OAc~]= 0. The cupric ion is known 
1 , 1 4 to form complexes with the acetate ion and 
ile See... TE ; Pedersen (Kgl. Danske Vid. Selsk., Mat. Fys. 
[cHs-coz] Medd., 1945, 22, No. 12) has determined 
values at 18° for the dissociation constants 
of the complexes Cu(OAc)*, Cu(OAc),, and Cu(OAc),~ by examining the optical properties 
of cupric acetate solutions. He gives formule for the dependence of the constants on 
ionic strength valid up to J = 0-4. If we assume that his formule will be approximately 
valid up to = 0-6, and that the temperature dependence of the constants 
is small, we get [Cu**][(OAc~]/[Cu(OAc)*] = 0-030, [Cu**][(OAc~}/[Cu(OAc),] = 
[Cu**][(OAc~ }/[Cu(OAc),~ ] = 0-0055, and the values recorded in Table 2 for the fraction 
of the cupric ions present in thé various forms. Expressing the apparent catalytic constant 
of the cupric ions as 














R* out ae Rou t+. A=8%0ut+ + Rouo Act .A™%Cu0Act + 
RowOac) -A™%CwOAc), + RowOac —.A™=%Ou(OAc),— (8) 
2 )s Ys 


and solving the sets of simultaneous equations, we get Rou++.a- = 36°4, Rouoact.a= = 30°8, 
and Rou@ac),.A~ = RowOac),-.aA~ = 0. The values k*ou++.a- (calc.) of Table 2 are computed 
by using these coefficients. The quantitative agreement could probably be improved by 
small adjustments in the dissociation constants of the cupric acetate complexes and the 
catalytic constants; the value Aou++.a- = 36-4 agrees with the value obtained by 
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extrapolating the curve in Fig. 3 to [OAc~] = 0. Thus both the free cupric ion and the 
first complex with acetate ion are catalytically active, whilst the neutral and the negatively 
charged complex exert no catalytic effect. In contrast to the catalysis by hydrogen ions, 
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which is specific, there is a 
complexes. 

Catalysis by other metal ions. Measurements were made over a range of metal-ion 
concentrations and, except with aluminium and beryllium, the catalytic constants found 
are independent of concentration. The catalytic constants for aluminium and beryllium 
fall off with increasing concentration; this may be due to complex formation between the 
acetonedicarboxylate ion and the metal ion, but since the pH of an acetate buffer is 
comparable with the pK values for the aluminium and beryllium aquo-cations, these ions 
will be partly converted into the corresponding bases and the situation becomes very 
complex. The values for the catalytic constants of these two ions are therefore only 
approximate. There is a small variation of catalytic constant with acetate-ion 
concentration for nickel and zinc, presumably owing to weak complex formation between 
the metal ion and the acetate ion; for comparative purposes the catalytic constants have 
been extrapolated to [OAc~] = 0. 

The catalytic constants in Table 3 and for the other metal ions studied are collected 
together in Table 4. The constant for the hydrogen ion is equal to kya-/Ky since the 
appropriate term in the rate equation may be written as either ky,4-[AH™] or kyg+.a-[A™ ][H*] 


‘general ’’ catalysis by cupric ions and at least one of its 
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with [A™)[H*]/[HA-] = K,. The term refers to the rate of decomposition of an activated 
complex composed of a bivalent acetonedicarboxylate ion, a proton, and an indeterminate 
number of water molecules. Similarly for the metal-ion catalysis, a pre-equilibrium 
involving complex formation is only relevant in so far as it alters the concentrations of 
anion and metal ion. The absence of variation of catalytic constant with concentration of 
metal ion shows that the degree of complex formation must be small, and this is confirmed 
by the very small displacements of the titration curve of the acid at room temperature 
caused by the presence of metal ions. 

(b) Measurements in Unbuffered and Acid Solutions—Each molecule of acetonedi- 
carboxylic acid loses two molecules of carbon dioxide in a reaction which is accurately of 
the first order (Fig. 3), with k = 7-9 x 10° min.!. Wiig (loc. cit.) does not state the units 
of the first-order rate constants he records and Moelwyn-Hughes (‘‘ Kinetics of Reactions 
in Solution,’’ Oxford, 1947, p. 32) presumes the quoted values to be in sec.-. If it is 
assumed they are in min.~}, the value at 42° interpolated from Wiig’s data at 40° and 50° is 
7:2 x 10% which is in fair agreement with the value found in this work. Wiig assumed 
that two molecules of carbon dioxide are simultaneously lost. This is kinetically equivalent 
to a slow rate-determining loss of the first molecule followed by rapid loss of the second 


TABLE 3. Catalysis by other metal ions. 
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from the acetoacetic acid produced, i.e., kj <k,. However, this cannot be true, since the 
value for the rate constant of the decomposition of acetoacetic acid at this temperature is, 
according to Ljunggren (loc. cit.), k, = 8-7 x 10° min.-1. This being so, reference to 
equation (1) shows that first-order kinetics can only arise if k, = 2k,, in which event 
equation (1) becomes 

h = 2a — 2ae“*# a a ae Te ee ee 


This situation, giving a first-order reaction with an apparent rate constant k = k, = k,/2, 
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arises here through a subtle though not unreasonable interplay of rate and equilibrium 
constants. The first-order constant observed is equal to that for the decomposition of 
acetoacetic acid (cf. the value calculated from Ljunggren’s results) and also to &,/2, where, 
since ka- a,- is negligible at this pH, 


ky = Ruatnya + Aua-ona- ~ @ bse « 
with 


+1/ Ps 
OHA + aya- + ag- = 1; aya-[H ) cna = K, 


aa=[H*]/ena- = Ky; [H*] = (ana- + 2aa-)m 


The value of ky,4- being known, a value for ky,,4 was obtained from a measurement in 
0-1m-hydrochloric acid solution to repress the ionisation of the acetonedicarboxylic acid. 
The first-order plot is curved (Fig. 3), corresponding to k, < 2k,. Application of Swain’s 
method for the analysis of the kinetics of consecutive irreversible unimolecular reactions 


Fic. 4. 














209;9 Ku, mai? 


(J. Amer. Chem. Soc., 1944, 66, 1696) gives k, = 11-0 x 10° and k, = 7-9 x 10°, and 
these values give a theoretical curve which fits the experimental curve well. Thus &, is 
unaffected by addition of acid, whilst k, is decreased to a value equal to ky. Wiig 
(loc. cit.) investigated the effect of addition of acid, but did not detect the deviation of the 
first-order plots from linearity, and ascribed the decrease of rate to the formation of a 
complex between the acetonedicarboxylic acid and the added hydrochloric acid. Since 
both acetonedicarboxylic acid and the univalent ion are decarboxylated at not very different 
rates, the kinetic data are not suitable for obtaining an accurate value of K,. However, 
substitution of k, = 15°8 x 10%, kya = 11-0 x 10°, Rga- = 26-5 x 10%, and m= 
0-007 (half the initial value) in equations (10) gives K, = 1-4 x 10°, of the same order as 
the other approximate value calculated from the titration curve at room temperature. 

The addition of cupric ions (0-058m) to the unbuffered solution causes the rapid loss of 
one molecule of carbon dioxide (Fig. 3). The initial slope gives k, = 90 x 10%, and 
expressing k, as 


ky = Raystuya + Rua-tna- + Rout+.a-%aa-[Cu**] + Rout+a-a4-[Cu**] (11) 


we get Acu++.na- ~3-0, a factor of 10 less than Rou++.4-. The addition of cupric ions to 
the solution in 0-l1m-hydrochloric acid caused no acceleration of the rate. 
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(c) General Conclusions.—A simple bond rearrangement of the bivalent acetonedi- 
carboxylate ion leads to the loss of a molecule of carbon dioxide and the production of an 
enolate anion : 


CH, CH, CH, 
o=¢” al Bs —_—_> we \gaon, + co, 
-f oO — — — 
(4) (0) 


A similar mechanism has been suggested in the case of ««-dimethylacetoacetic acid to 
account for the identity of the rates of bromination and decarboxylation (Pedersen, J. Amer. 
Chem. Soc., 1936, 58, 240). If the activated complex closely resembles (b) it is reasonable 
that the reaction should be catalysed by hydrogen ions; enols are much weaker acids than 
carboxylic acids (Schwarzenbach and Lutz, Helv: Chim. Acta, 1940, 23, 1147) and hence 
an added proton will stabilise (6) more than (a). In the case of nitroacetic acid (Pedersen, 
Trans. Faraday Soc., 1927, 23, 316) the un-ionised acid is stable and only the univalent 
anion is decarboxylated; this corresponds to the much higher acidic strength of the aci- 
form of nitro-compounds (Hammett, ‘‘ Physical Organic Chemistry,”’ p. 250, New York, 
1940). The addition of a second proton to the acetonedicarboxylate activated complex 
appears to “‘ block ’’ one of the carboxylate groups and to reduce the rate to a value close 
to that for acetoacetic acid (ky, = 11-0 x 10%, k, = 7-9 x 10°). 

The absence of catalysis by the triply charged hexamminocobaltic ion indicates that 
the cation catalysis is due to an interaction of a specific short-range character between 
cation and activated complex. If the activated complex does indeed resemble (0), it might 
be expected readily to form complexes of the chelate type; its complexing powers should 
be similar to those of the bivalent malonate ion. The beryllium ion with a high catalytic 
coefficient forms a complex of considerable stability with the malonate ion, beryllium 
malonate solutions having an abnormally low conductivity (Sidgwick and Lewis, J., 1926, 
1287, 2538). Davies and Stock (J., 1949, 1371) give values for the dissociation constants 
of the complexes formed by the bivalent malonate anion with a number of bivalent metal 
ions at 18°, and Peacock and James (J., 1951, 2233) have provided additional data for the 
lanthanum and hexamminocobaltic fons. Fig. 4 is a plot of the logarithm of these values 
against the logarithm of the corresponding catalytic coefficients obtained in this 
work; there is a linear free-energy relationship between the related rate and 
equilibrium data for the bivalent ions. For a number of ligands the order 
Mn** < Co** < Ni** < Cu** > Zn** is found for the stabilities of the complexes formed 
(Irving and Williams, Nature, 1948, 162, 746). Such parallelisms further substantiate 
the postulate made concerning the nature of the activated complex; it is in cases such as 
this where the activated complex can chelate with metal ions that marked catalytic effects 
may be expected. Pedersen (Acta Chem. Scand., 1948, 2, 385) has lately investigated the 
cation-catalysed halogenation of a $-keto-ester. He considers it necessary to postulate 
some complex formation between the keto-ester and the cation, but it seems likely that the 
more important interaction is a chelation between activated complex and cation. 

The effects of the cations vary from the large catalytic effect observed with, e.g., cupric 
ions, to much smaller effects which might be classified as specific primary kinetic salt 
effects. However, specific effects arise from the short-range interactions between pairs of 
ions of opposite charge (Brénsted, J. Amer. Chem. Soc., 1922, 44, 877), and a short-range 
attractive interaction of an ion with the activated complex is clearly equivalent to the 
chelation postulated here and will lead to a term involving the concentration of this ion 
in the rate equation. 
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437. Triterpenoids. Part VII.* Some Further Observations on 
the Constitution of Lanostadienol (Lanosterol). 


By C. S. Barnes, D. H. R. Barton, J. S. Fawcett, and B. R. THomas. 


Chromic acid oxidation of 8 : 11-diketolanost-9-en-2-yl acetate affords in 
small yield acetone and 6-methylheptan-2-one. The latter corresponds to the 
side chain of lanostadienol. This result, coupled with arguments previously 
adduced and assumption of the applicability of the “ isoprene rule,” restricts 
the number of possible formule for lanostadienol to two. 

The action of heat on the hydroxy-dicarboxylic acid obtained by fission 
(and hydrolysis) of 8: 11 : 12-triketolanosta-6 : 9-dien-2-yl acetate has been 
studied. 

The Schmidt reaction on 8: 11-diketolanostan-2-yl acetate furnishes 
8 : 11-diketo-8a-aza-B-homolanostan-2-yl acetate, also obtained by Beckmann 
rearrangement of the appropriate monoxime. Selenium dioxide oxidation 
of this 8a-aza-compound gives, successively, 8 : 11 : 12-triketo-8a-aza-B-homo- 
lanostan-2-yl acetate, further characterised as the corresponding diosphenol 
acetate, and the acetoxy-7: 8: 11: 12-tetraketone. Fission of these com- 
pounds by alkaline hydrogen peroxide has been studied. 

The Schmidt reaction on 8: 11-diketolanost-9-en-2-yl acetate affords a 
mixture of 8: 11-diketo-7a- and 8a-aza-B-homolanost-9-en-2-yl acetates and 
a tetrazole. The first two products are also obtained by Beckmann 
rearrangement of the appropriate monoxime. Selenium dioxide oxidation 
of the 7a-aza-amide gives 8: 1] : 12-triketo-7a-aza-B-homolanost-9-en-2-yl 
acetate, whilst reduction with zinc dust in acetic acid furnishes 8 : 11-diketo- 
7a-aza-B-homolanostan-2-yl acetate. The action of alkaline hydrogen 
peroxide on the 8: 11 : 12-triketone has been investigated. 


In Part IV of this series (Barton, Fawcett, and Thomas, /J., 1951, 3147) cogent arguments 
were advanced in favour of the partial formula (I) for lanostadienol. Recently Voser, 
Mijovic, Jeger, and Ruzicka (Helv. Chim. Acta, 1951, 34, 1585) described a stepwise 
degradation of the lanostadienol side chain from which they concluded that it should be 
represented by the expression (II). We nowreport evidence which led us independently to 
the same conclusion. Our work was briefly summarised in a preliminary communication 
in association with Dr. J. F. McGhie and his colleagues (Barnes, Barton, Fawcett, Knight, 
McGhie, Pradhan, and Thomas, Chem. and Ind., 1951, 1067). Recent work by McGhie, 
Pradhan, Cavalla, and Knight (idid., p. 1165) and by Curtis (J., 1952, 1187; personal 
communication) has, by stepwise degradation similar to that already reported by Voser 
et al. (loc. cit.), abundantly confirmed the nature of the side chain. 

Chromic acid oxidation of 8: 11-diketolanost-9-en-2-yl acetate (diketolanostenyl 
acetate) and steam-distillation of the reaction products gave, in small yield, acetone and 
6-methylheptan-2-one (III), each characterised as its 2: 4-dinitrophenylhydrazone. An 
authentic specimen of the 6-methylheptan-2-one derivative was very kindly provided by 
Professor D. H. Hey and Dr. D. S. Morris (see J., 1948, 48). The same oxidation product 
was obtained by Dr. J. F. McGhie and his collaborators (Barnes et al., loc. cit.) and identified 
as the semicarbazone. The expansion of partial formula (I) to include the side chain (II) 
can only be reasonably accommodated, on the assumed applicability of the “‘ isoprene 
rule,’ by the formule (IV) and (V). As yet a distinction between these formule cannot 
be made. 

For final clarification of the formula of lanosterol it seemed to us either that the 
degradation of the side chain already accomplished would have to be extended into ring pb, 
or that the molecule would have to be severed in ring B and c into two fragments which 
could, in turn, be degraded further. In so far as the latter approach would probably be 
applicable to a number of tetracyclic triterpenoids it appeared to be worthy of prior 
investigation. 

* Part VI, J., 1952, 1683. 
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The cleavage of the ring system of the molecule into two fragments requires the rupture 
of at least two carbon-carbon bonds. We first turned our attention to the dicarboxylic 
acid (V1) initially prepared by Cavalla and McGhie (J., 1951, 744; cf. Barton, Fawcett, and 
Thomas, Joc. cit.), in the hope of effecting pyrolytic scission. When merely melted this 


As?B is a2 18 


A. a 4\ 


LA? 
( 


acid was decarboxylated and lost water to give a neutral product characterised as the 
crystalline acetate, C;,H,,O,. The absorption spectrum of the acetate (Amax. 207 and 
275 mu; e¢ 30,000 and 900 respectively) showed that aromatisation of ring B had occurred 
and yet that an acetophenone type system, which might result from normal ketonisation 
of the two carboxyl groups formed from ring c, had not resulted. The absorption 
spectrum is in consonance with the presence of a phenolic ester system. Having regard 
to this, to the total absence of acidic or phenolic properties, and to mechanistic consideration 
indicated in the formule below, we regard (VII) as the most plausible formula for the 
pyrolysis product. There would be sound analogy for formule (VIIIa@ or db) in the elegant 
work of Woodward and Singh (J. Amer. Chem. Soc., 1950, 72, 494) were it not that these 
formulations do not appear to explain the ready decarboxylation so well on electronic 
considerations. In agreement with formula (V II) the acid (V1) could be acetylated under 
mild conditions and the derived non-crystalline acetate pyrolysed at moderate temperature 
to give the C,,H,,0, acetate. 
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The formation of this tetracyclic phenolic lactone on gentle pyrolysis of (VI) made 
it seem unlikely that more vigorous thermal treatment would prove of interest. 
Attention was directed therefore to more indirect methods of cleaving the molecule. The 
obvious approach by ozonolysis of 8 : 11-diketolanost-9-en-2-yl acetate (IX) to a compound 
such as (X) followed by scission of the «-diketone groupings proved abortive. Similarly 
we were unable to effect smooth attack upon the 9: 10-double bond of (IX) by any of 
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the usual electrophilic or nucleophilic reagents. 8 : 11-Diketolanostan-2-yl acetate (XI) 
was likewise inert to peracetic acid and the lactone (XII) could not be prepared. 


AcO, O AcO. X , O AcO 
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A potential opening of ring B was finally achieved in the products of the Schmidt 
reaction on (IX) and (XI). Treatment of (XI) in chloroform solution with concentrated 
sulphuric acid and powdered sodium azide gave a single amide, C,,H;,0,N, m. p. 249— 
252°, [«]p +29°, characterised by hydrolysis to the 2-alcohol and by oxidation of the latter 
to the corresponding 2-ketone. The retention of one ketonic function in the amide was 
indicated by the absorption spectrum (Amax. 302 my, ¢ 50). The amide is formulated as 
8 : 11-diketo-8a-aza-B-homolanostan-2-yl acetate (XIII) on the basis of the following 
evidence. Beckmann rearrangement of the monoxime of (XI) (Voser, Montavon, 
Giinthard, Jeger, and Ruzicka, Helv. Chim. Acta, 1950, 33, 1893) gave the same compound. 
Since the oxime is known to be formed from the C;,-carbonyl group (see Barton, Fawcett, 
and Thomas, Joc. cit.) hydrazoic acid must attack at the same position, not at C;,)). 
Formula (XIII) for the amide, rather than the alternative (XIV), is based on excellent 
analogy (Schlecter and Kirk, J. Amer. Chem. Soc., 1951, 73, 3087) and is supported by 
the behaviour of the amide on selenium dioxide oxidation. Oxidation with a limited time 
of reflux afforded an «-diketone, 8: 11 : 12-triketo-8a-aza-B-homolanostan-2-yl acetate 
(XV). On acetylation in pyridine solution this gave a diosphenol acetate (XVI), further 
characterised by alkaline hydrolysis to 2-hydroxy-8a-aza-B-homolanostane-8 : 1] : 12- 
trione. The absorption spectrum of the diosphenol acetate (Ama. 242 mu; ¢ 9000) excludes 
the alternative formulation as an «-keto-amide (XVII). A minor product of this oxidaton 
was a sparingly soluble trione-amide, C,.H,gO,N, which we formulate as 7:8: 11 : 12- 
tetraketo-8a-aza-B-homolanostan-2-yl acetate (XVIII). This was further characterised 
by hydrolysis to the corresponding alcohol. Oxidation of 8: 11-diketo-8a-aza-B-homo- 
lanostan-2-yl acetate with selenium dioxide, using an extended period of reflux, gave 
exclusively (XVIII). Similar oxidation of (XV) with the same reagent likewise furnished 
(XVIII). The formation of an a-keto-amide grouping in the last two oxidations (for 
evidence see below) excludes (XIV) from further consideration. 

Oxidation of the alcohol corresponding to (XV) under mild conditions with alkaline 
hydrogen peroxide afforded the corresponding dicarboxylic acid (XIX). At this stage of 
the investigation (XVIII) seemed a particularly promising compound for oxidation, 
having «-diketone groupings in both rings B and c. However, the action of alkaline 
hydrogen peroxide on (XVIII) under mild conditions gave an acetate, C3,.H,gO,N, m. p. 
217—218° (decomp.), which was shown by electrometric titration to be a monocarboxylic 
acid. Similar treatment of the alcohol corresponding to (XVIII) furnished the analogous 
acid, which gave the same acetate, m. p. 217—218° (decomp.), on acetylation. We 
formulate this acetate as (XX), in order to explain the molecular formula, the presence of 
a ketonic function (Amax. 312 my; e¢ 120), and the remarkable fact that it has only one 
carboxyl group. Alternative ways of eliminating water from the intermediate dicarboxylic 
acid (XXI) would seem to be excluded by consideration of the absorption spectrum. 
Unfortunately it was not possible to open ring B of (XX) by further oxidation with 
hydrogen peroxide. (XX) was inert to this reagent even under energetic conditions, 
alkaline hydrolysis to the corresponding alcohol being the only defined reaction. The 
lack of reactivity of the a-keto-amide grouping is not without analogy (Prelog and 
Spilzfogel, Helv. Chim. Acta, 1945, 28, 1669). 

The Schmidt reaction when applied to (IX) gave a mixture of three products which 
could be separated by chromatography. The most easily eluted compound was a tetrazole, 
(XXII) or (XXIII). The other two products of reaction were isomeric amides, C,9H;,0,N, 
m. p. 264—265°, [«]p +11°, which comprised the major component, and m. p. 233°, [a]p 


O 
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+-305°. The same mixture of isomeric amides in approximately the same proportions 
was obtained by Beckmann rearrangement of the monoxime of (IX). Again we construe 
this as evidence that it is the carbonyl group at Cg) in (IX) which is attacked by hydrazoic 
acid, not that at C4). The higher-melting amide, which was further characterised by 
hydrolysis to the corresponding alcohol, is formulated as 8 : 11-diketo-7a-aza-B-homo- 
lanost-9-en-2-yl acetate (XXIV) on the basis of its absorption spectrum (Amax. 249 my; 
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¢ 7500), its ready reduction by zinc dust and acetic acid to the corresponding dihydro- 
compound (XIV), and its oxidation by selenium dioxide in acetic acid to an a-diketone 
(XXV). The last was obtained independently of the excess of selenium dioxide employed. 
The use of more drastic conditions by carrying out the reaction in refluxing acetic anhydride 
gave only the N-acetate of (XXV); this could also be prepared by direct acetylation of 
(XXV). The lower-melting amide is formulated as 8 : 11-diketo-8a-aza-B-homolanost-9- 
en-2-yl acetate (X XVI) on the basis of the absorption spectrum (Amax. 293 mp; ¢ 13,000) 
and its failure to be reduced by zinc dust and acetic acid. 

Oxidation of (XXV) by alkaline hydrogen peroxide gave, with hydrolysis, the 
dicarboxylic acid (XXVII), characterised as the crystalline acetate dimethyl ester. 
Considerable attention was devoted to attempts to rupture the double bond in (X XVII), 
for this would conceivably have led to products such as (XXVIII), eminently suited to 
effecting a final scission of the molecule. The double bond of (XXVII) was, however, 
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extremely inert both to electrophilic reagents such as ozone and to nucleophilic reagents. 
Undoubtedly the chemical inertness of both (IX) and (X XVII) is due both to steric and, 
for the electrophilic reagents, to electronic hindrance of reaction. 
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EXPERIMENTAL 


M. p.s are uncorrected. Unless specified to the contrary, rotations were determined in 
chloroform solution at room temperature, which varied from 15° to 25°. Values of [a], have 
been approximated to the nearest degree. 

Light petroleum refers, unless specified to the contrary, to the fraction of b. p. 40—60°. 

Alkaline hydrolyses were effected by using several equivalents of potassium hydroxide and 
refluxing the reactants for 30—60 minutes in methanolic, ethanolic, or dioxan—methanolic 
solution, depending on the solubility requirements of the ester. 

Ultra-violet absorption spectra were, unless specified to the contrary, measured in ethanol 
solution using a Unicam S.P. 500 Spectrophotometer. 

Electrometric titrations were carried out in 50% aqueous ethanolic solution using a 
Cambridge pH meter. During titrations precautions were taken to prevent ingress of carbon 
dioxide. A glass electrode was used in the usual way with a calomel cell as reference electrode. 

Isolation of 6-Methylheptan-2-one.—Lanost-9-en-2-yl acetate (dihydrolanosteryl acetate) 
(100 g.) in “‘ AnalaR ”’ acetic acid (200 ml.) was oxidised by the addition of chromium trioxide 
(120 g.) in 50% aqueous acetic acid (200 ml.) at 95—96° during 3 hours. Excess of aqueous 
sodium hydrogen sulphite was added and the reaction mixture steam-distilled. The distillate 
(100 ml.) was treated with 2 : 4-dinitrophenylhydrazine (300 mg.) in dilute hydrochloric acid 
(80 ml.) and left overnight at 0°. The product was filtered off and chromatographed in benzene 
over alumina. The first band eluted, after recrystallisation from methanol, gave 6-methy]l- 
heptan-2-one 2: 4-dinitrophenylhydrazone (25 mg.), m. p. 77°, [a]y) -+-0°, Amax. 366 mu (log 
e 4:36 in CHCl,) (Found: C, 546; H, 6-15; N, 18-2. Calc. for C,,H,O0,N,: C, 54:5; H, 
6-55; N, 18-2%). There was no depression in m. p. on admixture with an authentic specimen 
of the same m. p. and absorption spectrum. The second band, eluted also with benzene, gave 
on crystallisation from methanol, acetone 2 : 4-dinitrophenylhydrazone (130 mg.) (m. p. and 
mixed m. p.). The residue of steam-distillation was worked up for 8: 11-diketolanost-9-en- 
2-yl acetate in the usual way. 

Pyrolysis of the Hydroxy-keto-dicarboxylic Acid.—The C3 ,H,4,O, dicarboxylic acid (VI), 
m. p. 244° (decomp.) (Cavalla and McGhie, J., 1951, 744; Barton, Fawcett, and Thomas, ibid., 
p- 3147) (300 mg.) was heated in vacuo at 250° for 10 minutes. The resultant melt was dissolved 
in ether, and unchanged acid removed by washing with sodium hydroxide. Evaporation of 
the ethereal solution gave a non-crystallisable residue. This was acetylated with pyridine and 
acetic anhydride for 4 hour on the steam-bath. The product, isolated in the usual way, was 
chromatographed over alumina (six fractions). Light petroleum—benzene (4:1) eluted a 
crystalline acetate (VII). Recrystallised from methanol this had m. p. 116—118°, [a], +146° 
(c, 2-17), Amax, 275 and 207 my (ce 900 and 30,000 respectively) (Found: C, 77-1; H, 9-45. 
C,,H4,O, requires C, 77-15; H, 9-6%). 

The crystalline acetate was also obtained in the following way. The C,,H,,O, dicarboxylic 
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acid was treated with pyridine and acetic anhydride at room temperature overnight. Working 
up in the usual way gave a product which could not be crystallised but it was evident from the 
absorption spectrum (Amax, 245 my; ¢ 8000) that no significant rearrangement had occurred. 
The amorphous acetate (60 mg.) was heated at 270° 1m vacuo for 5 minutes. After working up 
and chromatography as above, the crystalline C,,H,,O, acetate (30 mg.) was obtained, giving 
no depression in m. p. on admixture with the specimen prepared by the alternative route above. 

8 : 11-Diketo-8a-aza-B-homolanostan-2-yl Acetate (XIII).—8 : 11-Diketolanostan-2-yl acetate 
(5 g.) in chloroform (10 ml.) was stirred with concentrated sulphuric acid (20 ml.) at 0°, and 
powdered sodium azide (1-5 g.) was added. After 15 minutes’ stirring the mixture was poured 
into ice and water. After extraction with benzene—chloroform, and washing successively with 
aqueous sodium hydroxide (5%) and 5n-hydrochloric acid, the organic layer was evaporated 
to dryness in vacuo. The residue (4-4 g.) was chromatographed over alumina. Elution with 
benzene-1% methanol afforded 8 : 11-diketo-8a-aza-B-homolanostan-2-yl acetate (2-3 g.). Re- 
crystallised from chloroform-light petroleum or from methanol, this had m. p. 249—252°, 
[x]p +29° (c, 2-00), Amax, 302 my (¢ 50) (Found: C, 74:1; H, 10-9; N, 2-5. C3,H,;,0,N requires 
C, 74:5; H, 10-4; N, 2:7%). 

Hydrolysis of the acetate (100 mg.) with methanolic potassium hydroxide gave 2-hydroxy-8a- 
aza-B-homolanostane-8 : 11-dione (60 mg.). Recrystallised from methanol this had m. p. 230— 
232°, [a]p +10° (c, 1-70) (Found: C, 76-2; H, 10-9. C3;,H,,O;N requires C, 76-1; H, 10-9%). 
Reacetylation with pyridine-acetic anhydride overnight at room temperature gave back 
unchanged 8 : 11-diketo-8a-aza-B-homolanostan-2-yl acetate (m. p. and mixed m. p.). 

Oxidation of 2-hydroxy-8a-aza-B-homolanostane-8 : 1]-dione (1-3 g.) in acetic acid (20 ml.) 
with chromium trioxide (400 mg.) in water (1 ml.) at room temperature for 18 hours afforded, 
after working up in the usual way, 8a-aza-B-homolanostane-2 : 8: 1l-trione. Recrystallised 
from aqueous methanol this had m. p. 196—197°, [a]p) +23° (c, 2-84) (Found: C, 75-8; H, 
10:3; N, 27. Cg9H4O,N requires C, 76-4; H, 10-45; N, 2-95%). 

Beckmann Rearrangement of 8: 11-Diketolanostan-2-yl Acetate Monoxime.—The oxime, 
m. p. 215—216°, [a], +21° (c, 2-93) (150 mg.), prepared according to the directions of Voser, 
Montavon, Giinthard, Jeger, and Ruzicka (Helv. Chim. Acta, 1950, 33, 1893), in light petroleum 
(30 ml.) and dry benzene (10 ml.) was treated with phosphorus pentachloride (150 mg.) at room 
temperature for 1 hour. After being worked up in the usual way the reaction product was 
chromatographed over alumina. Elution with benzene-ether (1:1) furnished 8 : 11-diketo- 
8a-aza-B-homolanostan-2-yl acetate (85 mg.). After recrystallisation from chloroform- 
methanol this was identified by m. p., mixed m. p., and rotation, [a], +30° (c, 1-82). 

Action of Bromine on 8 : 11-Diketo-8a-aza-B-homolanostan-2-yl Acetate-——The amide acetate 
(100 mg.) in acetic acid (2 ml.) was treated with bromine in acetic acid (0-5 ml.; 4%) at room 
temperature for 24 hours. Working up in the usual way gave a monobromo-derivative. 
Recrystallised from methanol, this had m. p. 223—224° (decomp.) (Found: C, 64:5; H, 8-5; 
N, 2:3. C3,.H;,0,NBr requires C, 64-6; H, 8-8; N, 235%). It was not investigated further. 

Oxidation of 8: 11-Diketo-8a-aza-B-homolanostan-2-yl Acetate with Selenium Dioxide.—This 
acetate (1 g.) in acetic acid (30 ml.) containing 1% of acetic anhydride was refluxed with 
selenium dioxide (2 g.) for 16 hours. The mixture was poured into water and extracted with 
benzene-chloroform, Filtration from selenium and evaporation of the organic layer in vacuo 
furnished a product which, when recrystallised from methanol or from benzene, gave 
7:8: 11: 12-tetvaketo-8a-aza-B-homolanostan-2-yl acetate (XVIII) (600 mg.). This had m. p. 
311—312° (decomp.), [«]) —21° (c, 2-00), Amax, 430 mu (e 30), Aintex, ca. 280—290 my (< ca. 140) 
(in chloroform) (Found: C, 70°85; H, 8-7; N, 2-7. Cj,H4O,N requires C, 70-65; H, 9-1; 
N, 26%). The acetate was unchanged on treatment with pyridine—acetic anhydride for 1 hour 
at 100°. 

Alkaline hydrolysis (20 minutes’ refluxing in 5% methanolic potassium hydroxide) gave 
2-hydroxy-8a-aza-B-homolanostane-7 : 8: 11 : 12-tetraone. Recrystallised from methanol this 
had m. p. 284—285° (decomp.), [x], —54° (c, 0-70), Amax, 430 my (e 30 in chloroform) (Found : 
C, 71-3; H, 9-85; N, 2-95. C3,)H,,O,;N requires C, 71-8; H, 9-45; N, 2-8%). The hydrolysis 
was also effected by refluxing with ethanol containing 15% of concentrated hydrochloric acid 
for 3 hours. Reacetylation with pyridine—acetic anhydride at room temperature overnight 
gave back the acetate unchanged (m. p. and mixed m. p.). 

8 : 11-Diketo-8a-aza-B-homolanostan-2-yl acetate (2 g.) in acetic acid (50 ml.) was heated 
under reflux with selenium dioxide (2 g.) for 2 hours. After being worked up as above, the 
product of reaction was digested with benzene (10 ml.). The benzene-insoluble residue, 
recrystallised from methanol, gave 7: 8: 1i : 12-tetraketo-8a-aza-B-homolanostan-2-yl acetate 
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(m. p. and mixed m. p.). The benzene-soluble material was chromatographed over alumina. 
Elution with ether containing 2% of methanol afforded 8 : 11 : 12-triketo-8a-aza-B-homolanostan- 
2-yl acetate (XV), m. p. 269—273°, [a], +88° (c, 1-30), Amax. 385 and 280 my (ec 15 and 90 
respectively in chloroform) (Found: C, 72-6; H, 9-35; N, 2-6. C,,H,,O;N requires C, 72-6; 
H, 9-7; N, 2-65%). Asan alternative to this method of working up, the crude reaction product, 
freed from 2-acetoxy-8a-aza-b-homolanostane-7 : 8 : 1] : 12-tetraone by digestion with benzene, 
was acetylated with pyridine—acetic anhydride on the water-bath for 1 hour. After working 
up in the usual way the reaction product was chromatographed over alumina. Benzene eluted 
a small amount (200 mg. from 2 g. of 8: 11-diketo-8a-aza-B-homolanostan-2-yl acetate) of a 
substance which, recrystallised from methanol, had m. p. 203°, [a], —35° (c, 2-70), Ama. 320 and 
244 my (c 100 and 8500 respectively). This was not investigated further (Found: C, 70-75; 
H, 9-1; N, 2-55%). Elution with ether furnished 8 : 12-diketo-8a-aza-B-homolanost-10-ene- 
2: 11-diol diacetate (900 mg. from 2 g. of starting amide). MRecrystallised from methanol this 
had m. p. 216—217°, [a], —53° (c, 1-20), Anax, 321 and 242 my (e 100 and 9000 respectively) 
(Found: C, 71-7; H, 9-0; N, 2-6. C3,H,;,0,N requires C, 71-4; H, 9:3; N, 2-5%). The same 
diacetate was also obtained by acetylation of pure 2-hydroxy-S8a-aza-B-homolanostane- 
8:11: 12-trione with pyridine—acetic anhydride on the steam-bath for 30 minutes (identified 
by m. p. and mixed m. p.). Similar acetylation at room temperature overnight gave only the 
monoacetate (see above). Alkaline hydrolysis of the diosphenol diacetate with 5% methanolic 
potassium hydroxide gave 2-hydroxy-8a-aza-B-homolanostane-8 : 11: 12-trione. Recrystallised 
from methanol this had m. p. 227—-228°, [a],, +81° (c, 1-70), Amax. 382 and 280 my (e 30 and 450 
respectively in chloroform) (Found: C, 73-5; H, 10-1; N, 3-65. C3,H,O,N requires C, 73-9; 
H, 10-15; N, 2-85%). 

8: 11: 12-Triketo-8a-aza-B-homolanostan-2-yl acetate (100 mg.) in acetic acid (5 ml.) was 
refluxed with selenium dioxide (200 mg.) for 16 hours. Working up as before and 
recrystallisation from benzene gave 7: 8: 11 : 12-tetraketo-8a-aza-B-homolanostan-2-yl acetate 
(60 mg.), identified by m. p. and mixed m. p. In a similar experiment 2-hydroxy-8a-aza-B- 
homolanostane-8 : 1] : 12-trione (10 mg.) in acetic acid (20 ml.) was heated under reflux with 
selenium dioxide (50 mg.) for 30 hours. Working up as before and recrystallisation from 
methanol gave 2-hydroxy-8a-aza-B-homolanostane-7 : 8 : 11 : 12-tetraone (2 mg.), identified by 
m. p. and mixed m. p. 

Action of Alkaline Hydrogen Peroxide on 2-Hydvoxy-8a-aza-B-homolanostane-8 : 11: 12- 
trione.—The amide (250 mg.), dissolved in methanolic potassium hydroxide (20 ml.; 2%), was 
treated with hydrogen peroxide (2 ml.; 30%) at 0° for 2 hours. After being worked up in the 
usual way, the acidic fraction (270 mg.) was recrystallised from ethyl acetate—methanol, to give 
the dicarboxylic acid (XIX). This sintered at 175°, decomposed at 195°, and had [a], +10° 
(c, 1-30) and no absorption max. in the ultra-violet region (Found: C, 66-7; H, 9-55; N, 3-2. 
C39H,;,0,N,CH,°OH requires C, 67-2; H, 10-0; N, 2-5%). Electrometric titration showed 
2-17 carboxyl groups per mol. 

Action of Alkaline Hydrogen Peroxide on 2-Hydroxy-8a-aza-B-homolanostane-7 : 8:11: 12- 
tetraone and its Acetate-——The hydroxy-amide (200 mg.) in methanolic potassium hydroxide 
solution (50 ml.; 2%) was treated with hydrogen peroxide (10 ml. ; 30°,) for 30 minutes at 0°. 
After being worked up in the usual way the acidic fraction (175 mg.) was recrystallised from 
methanol, to give the monocarboxylic acid. This sintered at 160° and then decomposed and had 
[aly —95° (c, 1-30) and Amax, 311 my (ce 115) (Found: C, 67-5; H, 9-55; N, 4-15, 3-3, 1-75. 
C39H,,O,N,CH,°OH requires C, 67-7; H, 9:35; N, 26%). Acetylation with pyridine—acetic 
anhydride at room temperature overnight afforded the corresponding acetate (see below) 
identified by m. p. and mixed m. p. 

The amide acetate (250 mg.) in methanolic potassium hydroxide solution (100 ml.; 2°) was 
treated with hydrogen peroxide (5 ml.; 30%) at 0° for 10 minutes. After being worked up in 
the usual way the acidic fraction (230 mg.) was recrystallised from methanol, to give the mono- 
carboxylic acid acetate (XX), m. p. 217—218° (decomp.), [a], —55° (c, 2-68), Amax. 312 my 
(e 120) (Found: C, 68-5; H, 9-25; N, 2-9. C,,H,,O,;N requires C, 68-65; H, 8-85; N, 2-5%). 
Electrometric titration showed 0-97 carboxyl group per mol. 

Schmidt Reaction on 8 : 11-Diketolanost-9-en-2-yl Acetate-—The acetate (20 g.) in chloroform 
(300 ml.) and concentrated sulphuric acid (100 ml.) was stirred at 0° during the addition of 
powdered sodium azide (5 g.) (15 minutes). The mixture was stirred for a further 30 minutes 
and then poured into ice and water and worked up as for the saturated analogue (see above). 
Digestion of the crude reaction product with light petroleum (b. p. 60—80°) gave nearly pure 
8 : 11-diketo-7a-aza-B-homolanost-9-en-2-yl acetate (XXIV) (10 g.). Recrystallised from 
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chloroform—methanol this had m. p. 264—265°, [a], +11° (c, 1-02), +13° (c, 1:30), Amax. 249 my 
(e 7500) (Found: C, 75-05; H, 10-15; N, 2-9. (C;,H,;,O,N requires C, 74-8; H, 10-0; N, 
2-7%). 

The portion of the reaction product which was soluble in light petroleum and the mother-liquors 
from the crystallisation of the 7a-aza-amide were combined and evaporated to dryness in vacuo, 
and the residue was chromatographed in benzene over alumina. Elution with benzene gave a 
small amount of unchanged starting material. Elution with benzene-ether (20: 1) furnished 
the ¢etrazole (XXII or XXIII). Recrystallised from chloroform—methanol this had m. p. 
254—256°, [a], —92° (c, 0-60), Amax. 265 my (¢ 6500) (Found: C, 71-95; H, 9-4; N, 10-7. 
C3,H5903,N, requires C, 71:3; H, 9-4; N, 10-4%). 

Elution with benzene-ether (9:1) afforded 8: 11-diketo-8a-aza-B-homolanost-9-en-2-yl 
acetate (XXVI). Recrystallised from chloroform—methanol this had m. p. 233°, [a], +305° 
(c, 1-00), +300° (c, 0-90), Amax, 293 mu (ec 13,000) (Found: C, 75:2; H, 10-2; N, 2-55. 
C3.H;;0,N requires C, 74-8; H, 10-0; N, 2-7%). 

Elution with benzene-ether (6: 1 and 3: 1) afforded a further quantity of 8 : 11-diketo-7a- 
aza-B-homolanost-9-en-2-yl acetate. 

Alkaline hydrolysis of the last-mentioned acetate furnished the corresponding alcohol. 
Recrystallised from methanol this had m. p. 210—212°, [a], +15° (c, 1:57), Amax. 253 my (e 7000) 
(Found: C, 75-95; H, 10-3. C3,H4,O,N requires C, 76-35; H, 10-5%). 

Beckmann Rearrangement of 8: 11-Diketolanost-9-en-2-yl Acetate Monoxime.—This acetate 
(100 mg.) and hydroxylamine hydrochloride (200 mg.) were heated in ethanol (20 ml.) and 
pyridine (5 ml.) under reflux for 6 hours. Concentration in vacuo and working up in the usual 
way afforded the monoxime (60 mg.). Purified by chromatography over alumina and 
recrystallisation from light petroleum this had m. p. 150—152°, [a], +69° (c, 1-05), Amax. 290 mu 
(ce 12,500) (Found: C, 74-45; H, 10-05. C,,H;,O,N requires C, 74-8; H, 100%). The oxime 
was also prepared by treating the acetate (200 mg.) with hydroxylamine hydrochloride (400 mg.) 
in pyridine (5 ml.) at room temperature for 24 hours. The oxime, isolated as above, had m. p. 
150—151° (140 mg.). In a further experiment this oxime was obtained in a higher-melting 
form. After purification by chromatography and crystallisation from chloroform-—light 
petroleum this had im. p. 190°, [a], +67° (c, 1-39) (Found: C, 74:6; H, 9-8; N,2-7%). The 
mixed m. p. of the higher- with the lower-melting form was 189—190° on slow heating from 145°. 

The monoxime (400 mg.) (see above) in benzene (10 ml.) was treated with phosphorus 
pentachloride (300 mg.) at 0° for 20 minutes. After being worked up in the usual way the 
reaction product was chromatographed over alumina. Elution with benzene-ether (4: 1) 
gave 8: 11-diketo-8a-aza-B-homolanost-9-en-2-yl acetate (55 mg.), identified by m. p. and 
mixed m. p. Elution with ether furnished 8 : 11-diketo-7a-aza-B-homolanost-9-en-2-yl acetate 
(125 mg.), identified similarly. 

Refluxing the monoxime (200 mg.) with acetic acid (6 ml.) and concentrated hydrochloric 
acid (2 ml.) for 1 hour gave back unchanged 8: 11-diketolanost-9-en-2-yl acetate (90 mg.) 
(m. p. and mixed m. p.). 

8 : 11-Diketo-7a-aza-B-homolanostan-2-yl Acetate-—The unsaturated 7a-aza-amide acetate 
(see above) (100 mg.) in boiling acetic acid (5 ml.) was treated with zinc dust (100 mg.) and the 
refluxing continued for 1 hour. Working up in the usual way and chromatography over alumina 
gave 8: 11-diketo-7a-aza-B-homolanostan-2-yl acetate. Recrystallised from methanol this had 
m. p. 184—185°, [a]) +111° (c, 1-40), +110° (c, 1-20), Anax. 290 mu (ec 65) (Found: C, 73-75; 
H, 10-3. C3,H;,0,N requires C, 74-5; H, 10-4%). Under the same reaction conditions 8 : 11- 
diketo-8a-aza-B-homolanost-9-en-2-yl acetate was recovered unchanged (m. p. and mixed m. p.). 

8: 11: 12-Tviketo-7a-aza-B-homolanost-9-en-2-yl Acetate.—8 : 11-Diketo-7a-aza-B-homo- 
lanost-9-en-2-yl acetate (1 g.) in acetic acid (20 ml.) was refluxed with selenium dioxide (1-0 g.) 
for 2 hours. After working up in the usual way, chromatography over alumina afforded 
8: 11: 12-tviketo-7a-aza-B-homolanost-9-en-2-yl acetate (800 mg.). Recrystallised from chloro- 
form—methanol this had m. p. 272—-273°, [a], —9° (c, 1-20), Amax, 272 my (e 4500) (Found: C, 
73:25; H, 9-25; N, 3-5. C3,H4ygO;N requires C, 72-85; H, 9-4; N, 2-7%). On further refluxing 
in acetic acid solution with an equal weight of selenium dioxide for 8 hours the 8: 11: 12- 
triketo-7a-aza-B-homolanost-9-en-2-yl acetate was recovered unchanged in almost quantitative 
yield. 

A similar oxidation, carried out with the 8: 1l-dione amide acetate (500 mg.) in acetic 
anhydride (10 ml.) with selenium dioxide (1-0 g.), refluxing being for 2 hours and working up in 
the usual way, furnished 7a-acetyl-8 : 11 : 12-triketo-7a-aza-B-homolanost-9-en-2-yl acetate which, 
recrystallised from methanol, had m. p. 213—214°, [a], —150° (c, 1-07), Amax. 262 my (e 6500) 
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(Found: C, 72:2; H, 91; N, 2-4. (C,,H,,0O,N requires C, 71:65; H, 9:05; N, 2-45%). The 
same compound (m. p. and mixed m. p.) was obtained by heating 8: 11 : 12-triketo-7a-aza-B- 
homolanost-9-en-2-yl acetate with acetic anhydride under reflux. 

Action of Alkaline Hydrogen Peroxide on 8:11: 12-Triketo-7a-aza-B-homolanost-9-en-2-yl 
Acetate.—The amide (4-0 g.) in dioxan (200 ml.) and methanol (50 ml.) with potassium hydroxide 
(2 g.) was treated with hydrogen peroxide (30%; 10 ml.), and the mixture left for 1 hour at 
room temperature. Separation into neutral (negligible) and acid fractions afforded the 
hydvoxy-dicarboxylic acid (XXVII) as a glass which could not be crystallised. From aqueous 
methanol it had m. p. ca. 218° (decomp.), [a], —38° (c, 1-07), Amax, 214 my (e 6500) (Found : 
C, 67:3; H, 9-0; N, 2-6. C3,H,,0O,N,H,O requires C, 67-1; H, 9-5; N, 2-6%). Electrometric 
titration showed the presence of 2-03 carboxyl groups per mol. 

Treatment of the hydroxy-dicarboxylic acid with pyridine-acetic anhydride overnight at 
room temperature gave an acetate which was also an uncrystallisable glass. Methylation with 
diazomethane afforded the acetate dimethyl ester. This, after slow crystallisation from aqueous 
methanol, formed rhombs, m. p. 140°, [a], —37° (c, 1-04), Amax, 216 my (e 8000) (Found: C, 
69-05; H, 9-4; N, 2-25. C;,H,;,0,N requires C, 69-35; H, 9-5; N, 2-25%). 
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438. Dimethylaminochlorosilanes. 
By R. Cass and G. E. CoAaTEs. 


Dimethylaminotrichlorosilane and bisdimethylaminodichlorosilane have 
been prepared from dimethylamine and silicon tetrachloride. Both com- 
pounds give silane instead of the expected dimethylaminosilanes on reduction 
with lithium aluminium hydride. They are sufficiently basic to form several 
hydrochlorides, but no quaternary salts are formed with methy] iodide. 


IN an attempt to prepare dimethylaminosilanes by the reduction of the corresponding 
chloro-silanes with lithium aluminium hydride, the reaction between dimethylamine and 
silicon tetrachloride was studied, since the required aminochlorosilanes have not been re- 
ported. Several other similar amino-derivatives of silicon have been described however ; 
diethylamino-, b. p. 104°/80 mm., and tsobutylamino-trichlorosilane, b. p. 120—124°/30 
mm., were obtained by Michaelis and Luxembourg (Ber., 1896, 29, 714) from silicon tetra 
chloride and the corresponding amine. Several alkyl- (Johannson, U.S.P. 2,429,883/1947 ; 
Mjorne, Svensk Kem. Tidsk., 1950, 62, 120) and alkoxy- (Rosnati, Gazzetta, 1948, 78, 516) 
derivatives have also been obtained from secondary amines and alkyl- and alkoxy-chloro- 
silanes, respectively. No silanes containing more than two amino-groups have resulted from 
condensation reactions of this type, but tetrakisdibenzylaminosilane is formed from di 
benzylamine and silicon disulphide (Malatesta, tbid., p. 753). 

Emeléus and Miller (J., 1939, 819) attempted to prepare dimethylaminosilane from 
chlorosilane and dimethylamine, but the product immediately underwent further reaction 
with chlorosilane with the formation of an unstable quaternary ammonium salt which de 
composed into silane, chlorosilane, and dichlorosilane. 

When dimethylamine reacts with silicon tetrachloride, dimethylaminotrichlorosilane 
and bisdimethylaminodichlorosilane can be isolated in small yield. The ratio NH Me, : SiC), 
affects the proportion of the two compounds obtained, ¢.g. a 2: 1 ratio gives a product 
containing the trichloro- and the dichloro-silane in a 3: 1 ratio, whereas a 4: 1 ratio of the 
reactants gives a 2: 7 ratio in the product together with a small proportion of less volatile 
material. When the ratio is increased to 8: 1 the greatest part of the product (80°) con- 
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sists of the dichloro-compound, the remainder possibly containing more highly substituted 
derivatives. The low yields are due to the formation of much solid salt containing silicon 
(in addition, of course, to dimethylamine hydrochloride) from which it has not been possible 
to separate any free base except dimethylamine; treatment with anhydrous bases, such as 
pyridine and triethylamine, did not succeed and both aqueous and alcoholic solutions cause 
immediate hydrolysis of the required products. A similar difficulty arises in the preparation 
of the dimethylaminochloroborines (Wiberg and Schuster, Z. anorg. Chem., 1933, 213, 77, 
89; Coates, J., 1950, 3481). 

Dimethylaminotrichloro- and bisdimethylaminodichloro-silane are colourless fuming 
liquids which are rapidly hydrolysed by water with the deposition of silica; their physical 
properties are given in the table. 

B. p. Trouton 
a B? (extrapolated) M. p. Ly constant 
Me,N°SiCl, 1639-4 6-984 123° —81° 7-51 19-0 
(Me,N),SiCl, . 2142-0 7-985 166 - 9-84 21-6 
* Logio (V- P-)mm = — (A/T) + B. Ly = latent heat of evaporation, kcal./mole. 


Attempts to prepare more highly substituted derivatives in sufficient quantities for 
manipulation were unsuccessful. The dichloro-compound did not react further with 
dimethylamine even in a sealed tube at 100°. In spite of the inductive effect of the electro- 
negative chlorine atoms bound to the silicon, both the dichloro- and the trichloro-com- 
pound readily form hydrochlorides, stable in a vacuum, when brought into contact with 
hydrogen chloride; the trichlorosilane gives a monohydrochloride which is a colourless 
deliquescent crystalline substance, while the dichloro-compound forms a liquid trihydro- 
chloride, which loses hydrogen chloride above —60° in vacuo forming a colourless crystalline 
dihydrochloride. The dichlorosilane hydrochlorides are rapidly decomposed by water into 
silica, dimethylamine hydrochloride, and hydrochloric acid. Neither of the bases forms 
quaternary compounds with methyl iodide. 

Treatment of the dichloro- and the trichloro-silane with lithium aluminium hydride, 
alone or in ethereal solution, did not afford either dimethylamino- or bisdimethylamino- 
silane; instead there was a nearly quantitative formation of silane together with a trace of 
hydrogen. In this connection, Burg and Kuljian (J. Amer. Chem. Soc., 1950, 72, 3103) have 
shown that Si-N bonds are very readily broken, since trisilylamine combines with boron 
trichloride even at —78° giving chlorosilane and disilylaminodichloroborine. It would 
appear from the present work that lithium aluminium hydride is able to reduce not only the 
chloro- but also the dimethylamino-substituent. This contrasts with the ready reduction 
of bisdimethylaminochloroborine to the corresponding hydride by means of lithium alumin- 
ium hydride (Coates, loc. cit.). 


EXPERIMENTAL 


All reactions, other than the initial preparation of dimethylaminotrichloro- and bisdimethyl- 
aminodichloro-silane, were carried out in a vacuum apparatus of the usual type (see, e.g., Stock, 
“Hydrides of Boron and Silicon,’”’ Cornell, 1933; Sanderson, “‘ Vacuum Manipulation of 
Volatile Compounds,” Wiley, 1948). 

Dimethylaminotrichlorostlane.—Dimethylamine (54 g., 1-2 moles) at 0° in carefully dried 
n-pentane (300 c.c.) was added, during one hour, to a well stirred solution of silicon tetrachloride 
(100 g., 0-6 mole) in n-pentane (500 c.c.) at —20°. After the addition, the reaction mixture was 
allowed to warm to room temperature and was then filtered rapidly to remove insoluble hydro- 
chlorides. The residue was washed free from aminochlorosilanes with pentane (200 c.c.). The 
filtrate and the washings were mixed, and the bulk of the pentane was distilled from the pro- 
ducts. Distillation of the straw-coloured residual liquid at atmospheric pressure yielded pentane 
(4 c.c.) and silicon tetrachloride (12 c.c.), b. p. 56-6—57-9°/759 mm.; the pressure was then 
reduced and two further fractions were obtained : dimethylaminotrichlorosilane (12 c.c.), b. p. 
69—70-2°/170 mm. (Found: Si, 15-5; Cl, 59-4. C,H,NCI,Si requires Si, 15-8; Cl, 59-6%); 
and bisdimethylaminodichlorosilane (4 c.c.), b. p. 79:1—80-5°/70 mm. (Found : Si, 14:9; Cl, 39-1; 
NMe,, 46-4. CyH,,N,Cl,Si requires Si, 15-1; Cl, 37-9; NMeg,, 47-1%). 

Bisdimethylaminodichlorosilane.—This was prepared by a similar method from dimethy]l- 
amine (46-2 g., 1-03 mole) and silicon tetrachloride (50 g., 0-3 mole). Fractionation of the pro- 
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ducts at atmospheric pressure yielded pentane (5 c.c.) and no silicon tetrachloride. At reduced 
pressure two fractions were obtained, dimethylaminotrichlorosilane (6 c.c.), b. p.’ 29-8—30-1°/ 
40 mm., and bisdimethylaminodichlorosilane (12 c.c.), b. p. 48—50-2°/21 mm. (Found: Si, 
14-8; Cl, 39-0; NMe,, 46-5%). A residue (about 2 c.c.) remained which could not be distilled 
without decomposition. 

When the ratio NHMe, : SiCl, was 8 : 1, approximately 80% of the product was obtained as 
the dichloro-derivative, the remainder being a viscous liquid which could not be distilled above 
room temperature without decomposition. After pumping had been continued at room tem- 
perature for 3 days, about 4 c.c. had condensed in a liquid-air trap as a colourless oil (d < 1), 
which did not fume in air and was only slowly hydrolysed by water (Found: Cl, 7-7. 
Calc. for C,H,,N,CISi: Cl, 18-59%). This could possibly have been a mixture of the tris- and the 
tetrakis-substitution products; no separation into single substances was achieved. 

Reaction between Bisdimethylaminodichlorosilane and Dimethylamine.—Dimethylamine (223 
c.c. at N.T.P., 10 mmoles) and the dichlorosilane (1-55 g., 8-3 mmoles) were condensed in a thick- 
walled glass ampoule, which was sealed off in vacuo and heated to 100° for 3 hours. The re- 
actants were then frozen, the ampoule opened, and the contents introduced into the vacuum 
apparatus. No solid matter was formed during the reaction, and subsequent fractionation gave 
only starting materials. 

Other Attempts at Further Dimethylamino-substitution.—Addition of silicon tetrachloride 
both to an ether suspension of dimethylaminolithium [from methyl-lithium and dimethylamine ; 
Gilman and co-workers (J. Amer. Chem. Soc., 1945, 67, 2106)] and to the similar magnesium 
compound (from ethylmagnesium bromide and dimethylamine) gave no volatile products 
containing silicon, other than silicon tetrachloride. 

Reaction of Dimethylaminotrichlorosilane and Lithium Aluminium Hydride.—Lithium 
aluminium hydride (1-096 g., 28 mmoles) was quickly powdered and transferred to a tube, which 
was connected by a ground-glass joint to the vacuum apparatus. Dimethylaminotrichloro- 
silane (1-8 g., 11 mmoles) was condensed im vacuo on to the lithium aluminium hydride, and the 
mixture allowed to warm to room temperature. The very slow reaction was complete after 
about 40 hours. A small quantity of hydrogen had been formed; the remaining volatile material 
consisted solely of silane (10-4 mmoles, 95%) (M, 32-3. Calc. for SiH,: M, 32-1). 

In a similar experiment in dry ether (25 c.c.) the reaction proceeded more rapidly (2 hours) 
to give silane and a trace of hydrogen. 

Reaction of Bisdimethylaminodichlorosilane and Lithium Aluminium Hydride.—In a similar 
manner the dichlorosilane (1:13 g., 6 mmoles) was allowed to react with lithium aluminium 
hydride (1-35 g., 35-5 mmoles), The reaction was only complete (no further increase in pressure) 
after 3 days. A trace of hydrogen was obtained; the remaining.volatile material consisted 
entirely of silane (5-4 mmoles, 90%) (M, 32-3). 

In a similar reaction in ether the same volatile products, i.e. silane and a trace of hydrogen, 
were obtained. 

Dimethylaminotrichlorosilane Hydrochloride.—Dimethylaminotrichlorosilane (0-224 g., 1-26 
mmoles) and dry hydrogen cloride (0-0662 g., 1-82 mmoles) were condensed in an ampoule attached 
to the vacuum apparatus by means of a ground-glass joint. The ampoule was isolated from the 
rest of the apparatus and allowed to warm to room temperature, whereupon a white solid was 
formed. After some time, excess of hydrogen chloride (0-0202 g., 0-57 mmole) was pumped off, 
and the hydrochloride obtained as a white solid (Found : Cl, 65-8; NMe,, 20-3. C,H,NCI,Si,HCl 
requires Cl, 66-0; NMe,, 20-6%). 

Bisdimethylaminodichlorosilane Trihydrochloride.—Bisdimethylaminodichlorosilane (6-2336 
g., 1:25 mmoles) and dry hydrogen chloride (0-1968 g., 5-4 mmoles) similarly gave a white solid, 
but when the ampoule was cooled by means of a carbon dioxide—acetone bath this changed to a 
clear liquid. The excess of hydrogen chloride (0-046 g., 1-30 mmoles) pumped off at — 78° showed 
that the liquid had the composition SiCl,(NMe,).,(HCl)5.9.. 

Bisdimethylaminodichlorosilane Dihydrochloride.—The liquid trihydrochloride was allowed 
to warm to room temperature whereupon hydrogen chloride was evolved and a white solid 
formed. After the hydrogen chloride had been removed, analysis showed the solid (m. p. 171— 
173°) to be the dihydrochloride (Found: Cl, 54-2. CyH,,N,Cl,Si,2HCl requires Cl, 54-6%). 
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439. Tropolones. Part V.* Halogenocycloheptatrienones. 
By B. J. ABADIR, J. W. Coox, J. D. Loupon, and D. K. V. STEEL. 


Tropolone and a-bromotropolone react with thionyl chloride forming re- 
spectively 2-chloro- (I; X = Cl) and 2: 3(or 7)-dichloro-cycloheptatrienone 
(II or III). In each of these compounds one chloro-substituent is replaced in 
reactions with anionoid reagents and in reaction with the sodium salt of thio- 
p-cresol the dichloro-compound yields a bis-p-tolylthiocycloheptatrienone. 
The bromine atom in a-bromotropolone is similarly reactive. 

Several examples of change from the cycloheptatrienone to the benzenoid 
structure are noted incidentally. 


THE conception of a vinologous relationship between the acidic function of tropolone 
and that of a carboxylic acid is acceptable only with reservations, though it provides a 
useful indication of some aspects of the reactivity of tropolones. For instance, when 
tropolone is mixed with thionyl chloride in an inert solvent there occurs initially a rapid 
deposition of tropolone hydrochloride but, on application of heat, this gradually 
disappears and 2-chlorocycloheptatrienone (I; X = Cl)—a compound with some of the 
properties of an acid chloride—may be recovered from the clear solution. o0-Chloro- 
benzaldehyde appears to be a by-product of this reaction. The same chloro-compound is 
obtained when phosphorus trichloride is used in place of thionyl chloride, and phosphorus 
tribromide likewise yields the 2-bromo-compound. Thionyl chloride reacts with «-bromo- 
tropolone yielding a dichlorocycloheptatrienone for which the alternative formule (II) and 
(III) come under consideration but are not differentiated here. 


0 0 
2 bat 


@ 

\ ” 
Oo xX oO Cl 
(I) (III) 


In 2-chlorocycloheptatrienone the chloro-substituent is mobile. The compound was 
hydrolysed to tropolone in aqueous media but, especially in presence of alkali, much 
benzoic acid was also produced. With anionoid reagents, namely, sodium methoxide, 
ammonia, and thio-f-cresol (as the sodium salt) in methanol, 2-chlorocycloheptatrienone 
yielded products of metathesis—tropolone methyl ether, amino- and #-tolylthio-cyclo- 
heptatrienone (I; X == OMe, NH,, andSC,H,). The dichloro-compound (II) or III) behaved 
similarly. On hydrolysis the only product isolated was o-chlorobenzoic acid but by re- 
action with diethylamine or p-toluidine products were obtained which corresponded to the 
replacement of one chlorine atom by the appropriate amino-group. It is noteworthy that 
mono-replacement occurred even when an excess of the amine was employed. This result, 
however, is not necessarily indicative of an unsymmetrical (II) rather than a symmetrical 
structure (III), since it may be expected (a) that at any centre of the cycloheptatrienone 
nucleus a halogen substituent will have some mobility and (5) that in successive replace- 
ments of two halogen substituents the first will be achieved more readily than the second. 
The interaction of the sodium salt of thio-p-cresol and the dichloro-compound was selected 
to test mobility of both halogen substituents and it was found that according to the pro- 
portions used a chloro-p-tolylthio- or a di-p-tolylthio-compound was produced. 

From the present point of view «-bromotropolone may be regarded as bromohydroxy- 
cycloheptatrienone and it is consistent with the observations described above that by 
heating its sodium salt with thio-p-cresol in pyridine #-tolylthiotropolone was produced. 
By prolonged heating of a-bromotropolone with 50°% aqueous alkali there was formed— 
albeit in very low yield—a substance which is probably «-hydroxytropolone. This sub- 
stance, or a-bromotropolone itself, afforded salicylic acid when fused with alkali. 


* Part IV, J., 1952, 603. 
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Unsuccessful aitempts were made to prepare a ditropolonyl by heating «-bromotropolone 
with copper powder, but sodium «-bromu(tropolone reacted with cuprous cyanide in boiling 
pyridine and, by hydrolysis of the «-cyanotropolone (impure) so produced, tropolone-a- 
carboxylic acid was obtained. This acid yielded tropolone on decarboxylation and phthalic 
acid on fusion with alkali. «-Bromotropolone methyl ether reacted with ammonia in 
methanol, affording a product which appears to be an aminobromocycloheptatrienone 
which, however, was not obtained analytically pure. 

Neither 2-chlorocycloheptatrienone nor the dichloro-compound could be caused to 
react with aromatic hydrocarbons in presence of aluminium chloride. Indeed the 
general behaviour of the compounds resembles that of chlorinated p-benzoquinones or 
(o : p-)nitrated chlorobenzenes rather than that of acid chlorides. 


EXPERIMENTAL 


Ammonium Salis of Tropolone and x-Bromotropolone.—Addition of concentrated aqueous 
ammonia (1 c.c.) to a solution of tropolone (0-02 g.) in water (0-5 c.c.) precipitated the ammonium 
salt of tropolone as a yellow crystalline powder which was dried at 100° and had m. p. 145— 
150° (Found: C, 60-8; H, 6:35. C,H,O,N requires C, 60-4; H, 6-5%). The m. p. was pro- 
gressively lowered to about 125—130° by crystallisation from a solution of ammonia in ethanol. 
The ammonium salt of «-bromotropolone, similarly prepared, had m. p. 185—190° (Found : 
C, 38-9; H, 3-25. C,H,O,NBr requires C, 38-5; H, 3-7%). 

2-Chlorocycloheptatrienone.—(a) Tropolone (1 g.), benzene (10 c.c.), and thionyl chloride 
(10 c.c.) were heated under reflux for 3 hours. The white precipitate of tropolone hydrochloride, 
m. p. 119—125° (Found : C, 53-4; H, 5-0. Calc. for C,H,O,Cl: C, 53-0; H, 44%), which was 
initially formed, gradually re-dissolved. After concentration im vacuo, addition of benzene and 
renewed concentration, the residual gum was distilled at 90°(bath)/2 mm. A solution of the 
distillate in benzene was shaken with saturated aqueous sodium hydrogen sulphite, and the 
resulting solid (A) was collected. The washed, dried, and concentrated benzene solution afforded 
2-chlorocyc/oheptatrienone as colourless needles, m. p. 63—64°, from light petroleum (b. p. 60— 
80°) (Found: C, 59-8; H, 3-7. C,H,OCI requires C, 59-8; H,3-6%). The bisulphite compound 
(A) was treated with aqueous sodium carbonate, and the mixture was extracted with benzene. 
The recovered oil was oxidised by potassium permanganate to o-chlorobenzoic acid, m. p. and 
mixed m. p. 143—144°, and also afforded a 2 : 4-dinitrophenylhydrazone, m. p. 205° (Found : 
C, 48-6; H, 3-2. Calc. for C,,H,O,N,Cl: C, 48-7; H, 2-8%), and a semicarbazone, m. p. 
239—240°, which were identified by mixed m. p. with authentic specimens prepared from 
o-chlorobenzaldehyde. 

(6) 2-Chlorocycloheptatrienone, m. p. and mixed m. p. 64°, was also obtained by heating 
under reflux a mixture of tropolone (0-5 g.), benzene (15 c.c.), and phosphorus trichloride (4 c.c.) 
for 1 hour, and was isolated by fractional distillation. It neither reacted with a solution of 
2 : 4-dinitrophenylhydrazine in hydrochloric acid nor gave a colour with aqueous ferric chloride 
but when heated with aqueous silver nitrate it gave a precipitate of silver chloride. 

2-Bromocycloheptatrienone, colourless leaflets of m. p. 117—119°, was prepared as in (b) 
(above) from tropolone (0-2 g.) and phosphorus tribromide (0-5 c.c.) in benzene (5 c.c.) (Found : 
C, 45-9; H, 2-5. C,H,OBr requires C, 45-4; H, 2-7%). 

(2:3 or 2: 7)-Dichlorocycloheptatrienone.—a-Bromotropolone (1 g.) and thionyl chloride 
(10 c.c.) in benzene (10 c.c.) were heated under reflux for 5 hours. After volatile liquids had 
been removed in vacuo the residual solid was sublimed at 80°/2 mm. and afforded the dichloro- 
compound as colourless needles, m. p. 129—130°, from light petroleum (b. p. 60—80°) (Found : 
C, 47-8; H, 2-2. C,H,OCI, requires C, 48-0; H, 2-3%). 

Reactions of 2-Chlorocycloheptatrienone.—(i) 2-Chlorocycloheptatrienone and 3% aqueous 
sodium hydroxide were heated at 50—60° for 30 minutes. After acidification and extraction 
with ether, benzoic acid, m. p. and mixed m. p. 119—120°, was recovered. Benzoic acid was 
also obtained when the 2-chloro-compound was (a) boiled with water or (b) heated under reflux 
with methanol and the solution, which had the smell of methyl benzoate, was subsequently 
heated with aqueous acid. 

(ii) 2-Chlorocycloheptatrienone was heated with concentrated aqueous ammonium chloride. 
After acidification, extraction with ether afforded material from which a small quantity of 
copper tropolone was isolated. 

(iii) 2-Chlorocycloheptatrienone and a saturated solution of sodium methoxide in methanol 
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were heated in a sealed tube at 80° for 4 hours. Neutral material was recovered in ether and 
afforded tropolone methyl ether hemihydrate, m. p. and mixed m. p. 35—36°. 

(iv) 2-Chlorocycloheptatrienone (0-2 g.) and a 10% solution (5 c.c.) of ammonia in methanol 
were heated at 100° for 4 hours. The solid, recovered from the solution, was sublimed at 80°/1 
mm., affording 2-aminocycloheptatrienone as yellowish needles, m. p. 100—101°, from benzene- 
methanol (Found: C, 69-9; H, 5-8. Calc. forC,H,ON: C, 69-4; H, 5-8%). 

(v) Ethanol solutions (2 c.c. each) of 2-chlorocycloheptatrienone (0-1 g.) and of thio-p-cresol 
(0-09 g.) with sodium hydroxide (0-03 g.) were mixed and heated to the b. p. The bright yellow 
precipitate, which was produced on cooling and dilution with water, afforded 2-p-tolylthiocyclo- 
heptatrienone as yellow needles, (micro-)m. p. 148°, from benzene-light petroleum (b. p. 60— 
80°) (Found: C, 73-7; H, 5-3. C,,H,,OS requires C, 73-6; H, 5-3%). 

(vi) A solution of the 2-chloro-compound (0-11 g.) in benzene (2 c.c.) was added to a suspension 
of aluminium chloride (0-2 g.) in benzene (2 c.c.). In separate experiments the mixture was 
kept below 10° for 16 hours or was heated under reflux for 1 hour. In each case 2-chlorocyclo- 
heptatrienone, m. p. and mixed m. p. 62—63°, was recovered from the washed and dried benzene 
solution. 

Reactions of the Dichlorocycloheptatrienone (11) or (III).—(i) The dichloro-compound was heated 
with 3% aqueous alkali at 60° for 1 hour. o-Chlorobenzoic acid, m. p. and mixed m. p. 143— 
145°, was recovered from the acidified solution. 

(ii) The dichloro-compound (0-3 g.), diethylamine (1 c.c.), and benzene (3 c.c.) were heated 
under reflux for 2hours. The benzene solution, after being washed with dilute acid and then with 
water, was dried and concentrated, affording an orange-yellow residue. This, when heated in a 
sublimation tube at 80°/2 mm., gave a sublimate which afforded (?)-chloro-(?)-diethylamino- 
cycloheptatrienone as orange prisms, (micro-)m. p. 56°, from benzene-light petroleum (b. p. 
60-—80°) (Found: C, 62-3; H, 6-7. C,,H,,ONCI requires C, 62-4; H, 6-7%). 

(iii) The dichloro-compound (0-1 g.), p-toluidine (0-5 g.), and xylene (10c.c.) were heated under 
reflux for 30 minutes. The cooled solution, after being washed with dilute acid, was dried and 
evaporated and gave (?)-chloro-(?)-p-toluidinocycloheptatrienone as yellow needles, (micro-)m. p. 
121°, from benzene (Found: C, 68-3; H, 4:8; N, 5:8. ©C,,H,,ONCI requires C, 68-4; H, 4-9; 
N, 56%). 

(iv) Ethanol solutions (2 c.c. each) of the dichloro-compound (0-1 g.) and thio-p-cresol (0-08 g.) 
with sodium hydroxide (0-02 g.) were mixed and heated to the b. p. The orange precipitate, 
which was produced on cooling and dilution with water, afforded (?)-chloro-(?)-p-tolylthiocyclo- 
heptatrienone as yellow needles, {micro-)m. p. 165°, from benzene-—light petroleum (b. p. 60— 
80°) (Found: C, 64-1; H, 4:2. C,,H,,OCIS requires C, 64:0; H, 4:2%). 

(v) Experiment (iv) was repeated with twice the quantities of thio-p-cresol and sodium 
hydroxide. 2: (3 or 7)-Di-p-tolylthiocycloheptatrienone was thereby obtained as dark-yellow 
crystals of m. p. 266°, from benzene (Found: C, 71:7; H, 5-4. C,,H,,OS, requires C, 72-0; 
H, 5:2%). 

(vi) Attempted condensation of the dichloro-compound with benzene in presence of aluminium 
chloride (as described for the 2-chloro-compound) led to recovery of the dichloro-compound. Like- 
wise, under reflux conditions, with m-xylene as hydrocarbon there resulted 70% recovery of the 
dichlorocycloheptatrienone but in this case chromatography on alumina afforded also a small 
quantity of unidentified orange-coloured prisms, m. p. 279—281°, from light petroleum (b. p. 
40—60°). 

Reactions of «-Bromotropolone.—(i) The sodium salt of a-bromotropolone (1 g.), thio-p-cresol 
(1 g.), and pyridine (10 c.c.) were heated under reflux for 1 hour. Precipitated sodium bromide 
was filtered off and the solvent was removed in vacuo, leaving a residue which afforded a-p- 
tolylthiotvopolone as straw-coloured needles, m. p. 175°, from methanol (Found: C, 69-0; H, 
5:2. C,,H,.0,S requires C, 68-9; H, 4:9%). The product was soluble in alkali, gave a brown 
colour with aqueous ferric chloride, and when treated as the sodium salt with Raney nickel in 
ethanol afforded tropolone, m. p. and mixed m. p. 49°, which was recovered by sublimation. 

(ii) Fusion of «-bromotropolone (0-25 g.), potassium hydroxide (2 g.), and water (1 c.c.) in 
a nickel crucible at 300—310° for 25 minutes, followed by dissolution in dilute sulphuric acid 
and recovery from ether, gave a brown solid. This on sublimation afforded salicylic acid, 
m. p. and mixed m. p. 160°. 

(iii) Sodium bromotropolone (0-5 g.) and 50% aqueous sodium hydroxide (5 c.c.) were heated 
under reflux for 15 hours. The acidified solution was extracted with ether in a continuous 
extractor, and the dried ethereal extract afforded a dark brown residue on evaporation. This 
was sublimed at 150°/1 mm. and the sublimate (0-05 g.) afforded a-hydvoxytropolone, m. p. 244°, 





[1952] Tropolones. Part V. 2353 


(decomp.) as yellow crystals from benzene—methanol (Found: C, 60-6; H, 4-5; C,H,O, re- 
quires C, 60-85; H, 435%). The compound gave a brown colour with aqueous ferric chloride 
and when fused with alkali as in (ii) afforded salicylic acid, m. p. and mixed m. p. 160°. 

(iv) A mixture of a-bromotropolone and copper powder was heated at 250° for 2 hours. 
Extraction with ether in presence of mineral acid gave (a) an ether-soluble fraction which was 
fractionally sublimed and afforded tropolone, subliming at 40°/1 mm., m. p. and mixed m. p. 
49°, and (6) unchanged «a-bromotropolone, subliming at 85°/1 mm., m. p. and mixed m. p. 
103—105°. 

(v) Sodium bromotropolone (4 g.), cuprous cyanide (5 g.), and pyridine (5 c.c.) were heated 
under reflux for 15 hours. A washed and dried ethereal extract of the cooled and acidified 
solution gave a solid on evaporation. The solid was sublimed at 130—150°(bath)/2 mm., 
affording «-cyanotropolone as yellow leaflets of m. p. 165° from benzene—methanol. Although 
the product melted sharply it was not obtained analytically pure. It (1 g.) was heated for 
12 hours with 30% aqueous potassium hydroxide (5 c.c.). The acidified solution was extracted 
by ether in a continuous extractor, and a brownish solid was recovered. This solid, after sub- 
limation at 140—160°(bath) /1—2 mm., formed yellow needles of tropolone-a-carboxylic acid, m. p. 
(decomp.) 212—213°, from benzene—methanol (Found: C, 58-0; H, 3-8. C,H,O, requires 
C, 57-85; H, 36%). When heated at 240—250° the acid gave a semi-solid sublimate from 
which tropolone, m. p. and mixed m. p. 49° [from light petroleum (b. p. 40—60°)), was isolated. 
Fusion of the carboxylic acid with potassium hydroxide, as described under (ii) of this section, 
afforded after sublimation phthalic anhydride, m. p. and mixed m. p. 130—131°, which was 
hydrolysed by hot water to phthalic acid, m. p. and mixed m. p. 228—231°. 

(vi) «-Bromotropolone methyl ether (0-2 g.) (Cook, Gibb, Raphael, and Somerville, ]., 1951, 
503) was heated with a 15% solution (5 c.c.) of dry ammonia in methanol at 110° for 8 hours. 
The residue obtained by removing the solvents was crystallised from light petroleum (b. p. 
60—80°) and was then sublimed at 110°(bath)/l1 mm. It formed a yellow powder and afforded 
an aminobromocycloheptatrienone as yellow needles, m. p. 140°, from benzene, but could not 
be prepared analytically pure (Found: C, 41-0; H, 3-0. Calc. for C,H,ONBr: C, 42-0; 
H, 3-0%). 

Hydrogenolysis.—The following experiments—typical of others involving catalytic hydro- 
genation—indicate the occurrence of dehalogenation and desulphurisation although homo- 
geneous products were not obtained. 

(i) A solution of the dichloro-compound (0-1 g.) in ethanol (5 c.c.) containing Raney nickel 
(0-5 g.) in suspension was heated under reflux for 2 hours. The colourless oil, which was 
obtained on filtration and concentration, distilled at 70—80°/2 mm. (Found: C, 72-6; H, 
10-4%). 

(ii) Similar treatment of the chloro-p-tolylthiocycloheptatrienone (m. p. 165°) gave a colour- 
less oil, b. p. 50—60°/2 mm. (Found: C, 80-7; H, 7-2%). 
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UNIVERSITY OF GLASGOW. [Received, March 19th, 1952.) 





Jordan and Mathieson : 


440. The Kinetics of Catalytic Polymerizations. Part III.* The 
Kinetics and Mechanism of the Polymerization of «-Methylstyrene 
catalyzed by Aluminium Chloride. 


By D. O. JorDAN and A. R. MATHIESON. 


The initial rate of the aluminium chloride-catalyzed polymerization of 
a-methylstyrene in carbon tetrachloride and ethyl chloride solutions has been 
found to be proportional to the first power of the concentration of both 
«-methylstyrene and aluminium chloride. In carbon tetrachloride solution 
one catalyst molecule can initiate on average two polymer chains. On the 
addition of further catalyst to a reaction which has ceased before all the 
monomer has polymerized further polymerization occurs. 

The polymers formed in carbon tetrachloride solutions are of very low 
molecular weight (about 300), but the molecular weight of those obtained in 
ethyl chloride solution has a value of 10%. An empirical relation between 
intrinsic viscosity and molecular weight has been obtained for the polymers 
of low molecular weight. 

Conclusions are drawn regarding the mechanism of the reaction, and a 
quantitative comparison with the corresponding styrene polymerization is 
made. 


Tue polymerization of «-methylstyrene takes place less readily than that of styrene, 
the thermal polymerization not occurring spontaneously. Powerful Friedel-Crafts 
catalysts, however, will produce polymers of low molecular weight at room temperature 
although few studies have been made. Staudinger and Breusch (Ber., 1929, 62, 442) have 
investigated the effect of stannic chloride, titanic chloride, boron trichloride, and ‘‘ Florida 
earth ’’ on the liquid monomer, and Hersberger, Reid, and Heiligmann (Ind. Eng. Chem., 
1945, 37, 1073) have obtained accurate information on the influence of temperature on the 
molecular weight and the molecular-weight distribution for the aluminium chloride- 
catalyzed polymerization in ethyl chloride solution. The influence of the dielectric constant 
of the solvent on the rate of the stannic chloride-catalyzed polymerization and on the 
molecular weight of the polymer has been investigated by Pepper (Nature, 1946, 158, 789) 
who found that log (initial rate) increased linearly with the dielectric constant. 

In Parts I and II (J., 1952, 611, 621) the kinetics and mechanism of the aluminium 
chloride-catalyzed polymerization of styrene in carbon tetrachloride solution were 
established, and we now report a similar study for «-methylstyrene. Measurements have 
also been made in ethyl chloride solution at 0° for correlation with the results obtained by 
Hersberger, Reid, and Heiligmann (/oc. cit.). 

Results and Discussion of the Reaction in Carbon Tetrachloride Solution.—Typical curves 
showing the course of the reaction at 25° are shown in Fig. 1. No induction periods have 
been observed. 


TABLE 1. The consumption of aluminium chloride during the polymerization of 
a-methylstyrene at 25°. 
Initial concn. Extent of Monomer Concn. of Chain length 
of monomer polymerization consumed (+) AICI, (By) in monomer 
(mole/1.) (%) (mole/1.) (mole/I.) /E units 
0-402 t 0-375 0-0707 ° 2-25 
0-321 0-266 0-0492 , 
0-321 j 0-206 0-0380 
0-451 58 0-261 0-0483 


The function of the aluminium chloride in the reaction. As was observed for the 
polymerization of styrene (Part I, Joc. cit.), when the catalyst was in relatively low 
concentration the reaction ceased before all the monomer had been converted, the ratio of 
monomer converted to aluminium chloride being a constant for such reactions, as shown 


* Part II, J., 1952, 621. 
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in Table 1. On the addition of fresh catalyst to such reaction mixtures, further 
polymerization occurred (Fig. 2). 


The molecular weight of ihe polymer. The molecular weights of the polymers formed 
were determined cryoscopic.illy in benzene solution, care being taken to remove all 
entrained monomer from the polymer in view of the low molecular weight of the latter. 
This method gives a true value of the number average molecular weight since the solutions 
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were found to obey Raoult’s law. The empirical relation between the cryoscopic molecular 
weight and the intrinsic viscosity was found to be 


[n] = 0-0115 + 1-93 x 105M . (1) 


where [,] = lim. %p)/¢ in which c is the concentration in g./100 c.c. of solution. This 
c—>? 


equation is similar to that obtained for styrene polymers (Part I, loc. cit.), but has been 
established over a much smaller range of molecular weight. 
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The Constitution of the Polymer.—For three different polymers of molecular weight 
320, 221, and 267 the number of polymer molecules per olefinic double bond is 9-5, 13, and 


68, respectively. It is therefore clear, despite the scatter of these values, that most of the 
polymer molecules do not contain an olefinic double bond. 

Kinetic analysis of the rate curves. The initial rate of polymerization is found to be 
proportional to the first power of beth the initial monomer (M,) and catalyst (Bo) 


concentrations (Fig. 3), viz. : 

—dM /dt = kM,By (2) 
relationship and the results being such as to exclude 
higher powers of My. The value of k at 25° 


the agreement between this 
all relationships containing 


is 
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0-92 x 10° 1. mole sec.1. This relationship has been confirmed by analysing the rate 
curves up to high degrees of polymerization, and equation (3) is then obeyed 


—dM /dt = k'(My—x)(By —x/n’) . . «. « « « (3) 


in which x is the amount of monomer consumed in time ¢, and m’ is the number of monomer 
molecules consumed per catalyst molecule (m’ = 5-4; see Table 1). As with styrene 
(Part I, Joc. cit.) values of k’ varied somewhat from one reaction to another because of the 

isitivity of k’ (but not of k) to the factor (My — n’By) which occurs in the denominator 
of the integrated form of equation (3). 

The Reaction Mechanism.—The effect of water on the polymerization has not been 
specifically studied, but the marked similarity of the course of the polymerization of 
a-methylstyrene to that of styrene, together with the initiation of further polymerization 
on the addition of fresh catalyst to a reaction which has stopped, strongly suggests that, 
as for styrene, water is not an essential co-catalyst. Furthermore the good reproducibility 
Fic. 3. The concentration dependence of Fic. 4. The course of polymerization in ethyl chloride 


initial vate of polymerization at solution at 0° (By, = 0-00259M; curve 1, M, 
0-755M; curve 2, M, 0-358mM.). 
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f the reaction rate substantiates this view. We therefore consider that initiation proceeds 
by collisions between monomer (m) and catalyst (b) molecules, viz. : 


m + b—> m,* fC ee i 
Propagation the ‘eeds by the reacti 
pagation then proceeds by the reaction 
m,* + m——> m,* Vp = k)GM an ee ae 


where G is the concentration of the growing polymer chains. The only termination reaction 
compatible with equations (2) and (3) is monomer deactivation (see Part II, loc. cit.) 


Vi=kGM oa ie ee 


The detailed mechanisms for the reactions will then be analogous to those already 
given for styrene (Part II, loc. cit.). From Table 1 it is evident that the ratio x/By, which 
represents the number of monomer molecules converted per molecule of catalyst, is twice 
the chain length of the polymer. This must indicate that each catalyst molecule produces 
two molecules of polymer and not one as in the case of styrene (Part I, loc. cit.), and it 
necessarily follows that a transfer mechanism is operating. Whether this transfer 
mechanism is monomer or solvent transfer is not clearly indicated from the experimental 
results. The method adopted for styrene (Part I, Joc. cit.), in which the variation of the 
molecular weight during the course of the reaction was measured, could not be used here 
owing to the very small average molecular size of the polymer (two or three monomer 


m,* + m—>m 


n+1 
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units). However there is presumptive evidence in favour of solvent transfer. First, 
the solvent has been shown to participate in the polymerization of styrene (Part I, doc. cit.) 
and secondly monomer transfer does not occur for the aluminium chloride-catalyzed 
polymerization of a-methylstyrene in ethyl chloride solution at low temperatures (see 
Part V, J., 1952, 2363). We therefore regard the transfer mechanism as being : 


m,* + s—>m, + s* Viet = RaGS Pe ee at ae 
followed by s* + m—>m*¥+s 
where S is the concentration of solvent. 

Since the molecular fraction (monomer consumed) /(aluminium chloride concentration) 
[= x/B, (Table 1)] is approximately double the averate chain length, m, the rate of transfer 
must be approximately the same as the rate of termination. This follows since V,/V_ = 
x/By = 5-4 and V,/(V_ + Vs) = m = 2-5 (see Table 1); combination of these equations 
gives Vaz = 1-16V +. 

The concentration (G) of growing polymer chains may be obtained by applying the 
steady state criterion that dG/dt = 0 and Vj = V;. It then follows that 

G = kiB/kt oe oe ae oe ee ee 

The total rate of monomer consumption is obtained from equations (4), (5), and (6), 

—dM/dt = Vi+V,+ Vi 
= kM B{[2 + Rp/Re] 
Equation (10a) agrees with the experimental equation (2) if 
= k{2 + kp/he] 
If the monomer deactivation reaction (6) follows the alternative possible course : 
m,* + m—> m, + m 
V; must be deleted from equation (9) and equation (10a) becomes 
—dM/dt= RMBI1+k/m] . . . . « « (108) 


The distinction between equations (10a) and (10+) only becomes important when k,/k, is 
relatively small as in the present case. 

Calculation of reaction constants. From equations (5) and (6) k,/k, = Vp/V_ = 54. 
By substituting this value for k,/k, and the value for k obtained experimentally, and given 
above, into equation (11) we obtain ki = 1-2 x 10° 1. mole" sec.7}. 

An estimate may also be obtained of the values of the ratios ky/k, and Ra/kp since 
S Z 16 and the average value of M (over the whole of the reaction) is 0-2; inserting these 
values in the equation 

ReS/ktM = Ve/V_ = 1-16 


we obtain ky /k, = 2 x 10 and hence kg/k,p = 4 x 10°. 

Comparison of the styrene and a-methylstyrene polymerizations. The overall and 
individual velocity constants are compared in Table 2. The main effects of the substitution 
are to decrease the overall rate and the rate of initiation and to increase the relative 
importance of transfer and termination reactions over the propagation reaction. 


TABLE 2. Comparison of the styrene and «-methylstyrene aluminium chloride-catalyzed 
polymerizations in carbon tetrachloride solution. 
Styrene at 0° Styrene at 25° a-Methylstyrene at 25° 

k (in 1. mole sec.~) 1-40 x 10% 1-68 x 10° 0-92 x 10% 
ki (in 1. mole sec.“!)_.... 1-9 x 10° 1-2 x 10° 

71 5-4 

— 4x 10° 

nn 2x 107 

7 2-5 
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Results and Discussion of the Reaction in Ethyl Chloride Solution.—The reaction, which 
was carried out at 0°, was extremely rapid. The results, shown in Fig. 4, are adequately 
described by equations (2) and (3), and the mechanism is therefore the same as in carbon 
tetrachloride solution. The value of k at 0° is 0-61 1. mole sec.1. This very great increase 
in reaction rate is in agreement with previous conclusions concerning the effect of dielectric 
constant on the rate of polymerization (Pepper, loc. cit.; George and Wechsler, J. Polymer. 
Sct., 1951, 6, 725). 

The molecular weights of the polymer obtained were of the order of 104. 


EXPERIMENTAL 


The methods used in the measurement of reaction rates, molecular weights, viscosities, and 
degree of unsaturation, and in the precipitation of the polymer were as described in Part I 
(loc. cit.). 

a-Methylstyrene was purified by repeated vacuum distillation. Ethyl chloride was of 
B.P. quality. The carbon tetrachloride and aluminium chloride were purified as described in 
Part I (loc. cit.). 


We thank The Distillers Company Ltd. for the gift of the sample of «-methylstyrene. 


THE UNIVERSITY, NOTTINGHAM. (Received, February 18th, 1952.) 


441. The Kinetics of Catalytic Polymerizations. Part IV.* 
Molecular-weight Distribution in Polar Polymerizations. 


By D. O. JorDAN and A. R. MATHIESON. 


Theoretical distribution functions have been calculated from various 
possible mechanisms for polar polymerizations. The application of 
molecular-weight distribution data to the determination of kinetic 
mechanisms is discussed. 


THE form of the molecular-weight distribution curve of any inhomogeneous polymer is 
generally dependent upon the mechanism of chain initiation and termination. The 
comparison of experimental molecular-weight distribution curves with those calculated 
for various possible reaction schemes may thus be a valuable method for deciding which 
of several alternative reaction mechanisms is operating. Since, however, it is possible that 
different reaction schemes may lead to the same calculated distribution curve, the method 
is more useful for the confirmation of a reaction scheme which has already been established 
by kinetic analysis. Nevertheless, such a comparison may give information on the 
mechanism of reactions which cannot be studied by other methods. 

No attempt has been made previously to study polar polymerizations in this way 
although such studies have been made for free-radical polymerizations. Theoretical 
distribution functions for free-radical polymerizations have been obtained by Gee and 
Melville (Trans. Faraday Soc., 1944, 40, 240), who considered first- and second-order 
initiation and termination occurring spontaneously, by monomer collision, or by dis- 
proportionation. Their calculations were restricted to reactions in which k/k, was 
independent of chain length (k, and k, are the specific rates of the termination and 
propagation reactions, respectively). Herington and Robertson (Trans. Faraday Soc., 
1942, 38, 490), however, have allowed for a possible variation of k,/k, with chain length and 
have also illustrated the effect of the variation of monomer concentration during the 
reaction on the form of the distribution curve. 

Comparisons of theoretical and experimental distribution curves have been made by 
Schulz (Z. physikal. Chem., B, 1939, 48, 25) and Schulz and Dinglinger (ibid., p. 47) for 


* Tart III, preceding paper. 





1952} The Kinetics of Catalytic Polymerizations. Part IV. 2359 
y y 


polystyrene prepared by thermal polymerization, and they obtained good agreement. 
Baxendale, Bywater, and Evans (Trans. Faraday Soc., 1946, 42, 675) have shown that the 
kinetic scheme which they established for the polymerization of methyl methacrylate 
catalysed by hydroxyl radicals in aqueous solution, leads to a theoretical distribution 
curve in agreement with that obtained experimentally. 

Calculation of the Distribution Functions.—Symbols employed. These are: M = 
concentration of monomer (m); M, = initial concentration of monomer, at time ¢ = 0; 
M,* = concentration of activated monomer (m,*); M,* = concentration of active 
polymer of chain length 7 (m,*), and M, = concentration of corresponding deactivated 
polymer (m,); G = total concentration of active polymer (= =M,*); S = concentration 
of solvent, which will be regarded as constant in dilute solution; and S* = concentration 
of “‘ active ’’’ solvent occurring in solvent transfer. 

The velocity constants used are: k,, propagation; A, spontaneous termination; Atm, 
monomer termination; fs, solvent termination; ks, solvent transfer; At;, monomer 
transfer; and &,, solvent initiation following transfer. The following symbols will be 
used to denote velocity-constant ratios : 

A= ky Rp, Mts = RsS/Rp, $y, - kt RS, ds = ky Ree, ¢ Rem RS Pn, Rtm Re 


my 


An = Rtm/Rp, Ast = RS Rp, dy = ky RS, dy - Rts, Re Ping Rem Rs 


w, = weight fraction of polymer molecules of chain length r. 

Reaction mechanisms to be considered. It is desirable to consider only those reaction 
mechanisms which have been thought to be feasible for polar polymerizations. Normally, 
only one type of initiation and one type of propagation have been considered, viz. : 


initiation m + b—~> m,* V; 


(1) 


propagation m,* + ni—~>m,,,* V,=RGM-.. . (2) 


where b represents the catalyst. .Several termination mechanisms have been suggested 
for different systems. Pepper (Trans. Faraday Soc., 1949, 45, 404) and Eley and Richards 
(tbid., p. 436) have proposed spontaneous termination : 


m,* ——> m,, or m, + b Fees: oo -+) « 4 ane 


and the latter authors (Research, 1949, 2, 147) have tentatively suggested the occurrence 
of monomer transfer : 
m,* -+- m——> m, + m* Vir = RGM 
Monomer termination, 
m,* + m—> m,,;, or m, + m Vim = RtmGM 
solvent termination, 


m,* + s—>m,-+s, orm,+s+b Vig = RuGS 
and solvent transfer, 

m,* + s——> m, + s* Vet = RatGS 
followed by 

m + s*—> m*¥ +s V, = k,S*M 


have been suggested by the present authors (Parts II and III, J., 1952, 621, preceding 
paper). The carbonium-ion theory suggested by Plesch and Polanyi (J., 1947, 252) and 
Plesch, Polanyi, and Skinner (ibid., p. 257) is equivalent for the present purpose to the 
mode of initiation [equation (1)} with spontaneous termination [equation (3)]. Termination 
by mutual destruction of polymer chains, 

m,,* + m,,* —-> m,, + M,,, OT My, +r, 


was tentatively suggested by Pepper (Nature, 1946, 158, 789; Trans. Faraday Soc., 1949, 
45, 397), but this view was later retracted (ibid., p. 404). It now seems unlikely that this 
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termination reaction occurs in polar polymerizations, since charge repulsion would oppose 
the process, and the relatively short chain lengths usually observed indicate that combination 
of chains does not occur. This mode of termination will, in consequence, not be considered 
here, the calculations being confined to monomer, spontaneous, and solvent termination, 
and to monomer and solvent transfer; the distribution equations obtained are independent 
of the mechanism of initiation. 

It will be assumed that the velocity-constant ratios to be considered are independent of 
r and that steady state conditions exist. These are not new assumptions since they have 
already generally been made in kinetic analyses. 

Termination by spontaneous deactivation. The kinetic reaction scheme is given by 
equations (1), (2), and (3). Then, for a stationary state, dG/dt = dM,*/dt = dM,*/dt = 0, 
Vi V;, and hence G ViskM. 

The total rate of monomer consumption is given by the equation 


-dM/dt=Vi+V,=Vi(1+M/a) . .... = (8) 
and the rate of increase of concentration of deactivated polymer chains of length r 
is given by 
dM,/dt = k,.M,* re eee ee 
We have dM,*/di = Vi — kp)M,*M — k,.M,* = 0, hence 
M,* = Vi/(RpM + Rt) oe wee oe 
Also, dM,*/dt = k,M,_,*M — k,M,*M — k.M,* = 0, hence 
M,*/M,_,* = 1/(1 + 2/M) 
Since M,*/M,_,* is independent of r, 
M,* = M,*(M,*/M,_,*) 
Therefore, from equations (8) to (12), we obtain 
-dM,/dM = 22/M?(1 + 2/M)"*? 
and hence M, = [/r(1 + 2%/M)’]} where M, and M are the concentrations of monomer 
initially (¢ = 0) and at time ¢, respectively. The weight fraction of polymer molecules of 
chain length 7 is then given by 
w, = *M,/(M, — M) = [a/M(1 + 2/M)"}ie ia > Se 
Termination by spontaneous and solvent deactivation. The kinetic scheme is given by 
equations (1), (2), (3), and (6), and by an analogous derivation we obtain 
w, = [A(1 + 1/4,)/M(1 + 2/M + 2/6,My yr. 1. (TA) 
Termination by spontaneous deactivation with solvent transfer. The kinetic scheme is 
given by equations (1), (2), (3), and (7). In the same way, but by employing the 
additional stationary-state criterion that dS*/d¢ = 0, we obtain 
w, = [A(1 + 1/p,)/M(1l + 2/M + aA/poM) ye 2 1. (15) 


which is identical with (14) if ¢, is substituted for ¢;. This substitution is always possible 
with equations which involve solvent deactivation and solvent transfer processes, and is, 
in effect, a substitution of ky for ks. This is in order, since the only difference between 
solvent deactivation and solvent transfer is that the latter is, followed by a solvent initiation 
process which does not affect the form of the distribution equations. A similar substitution 
may also be made between ds and Ast, and dm, and ¢m,. 

Termination by spontaneous and solvent deactivation with solvent transfer. The kinetic 
scheme is given by equations (1), (2), (3), (6), and (7), and we obtain 


w, = [A(1 + 1/6, + 1/$,)/M(1 + 2/M + 24/¢,M + r/boMy HP . . (16) 
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The distribution function for solvent termination only is identical with equation (13) 
if Ais replaced by Ats, viz. : 


Ww, = [Pa/M(1 + Me/MyIM¥e www.) 


In a similar way the function for solvent termination and solvent transfer is identical 
with equation (15) with %. replacing 4, and ¢, replacing ¢y. 

Termination by monomer deactivation. The kinetic scheme is given by equations (1), 
(2), and (5). The stationary-state criterion is dG/d¢ = 0, therefore Vj = V, and hence 
G = Vi/k.M. We therefore obtain 


—dM/dt=Vit+V,=Vi(l+1/am).- . . . . . (18) 
dM,/dt=hisM,*M....... . (19) 
dM,* ldt == V; — k,M,*M — RimM ,*M _ 0 


M,* = Vil(bpM +h) . . . . 2 2 - @®D 
dM,*/dt = kpM,_,*M — kpyM,*M — kigM,*M = 0 
1.€., 
M*/M,p* =A + te) 2s ee te tle we 
Therefore, from equations (12) and (18) to (21), 
—dM,/dM — dm” ‘(1 f da)’ ** 
and hence 
M, = m?(My — M)/(1 + »n)"*? 
and 
=r +ry** 2. 2 2 ee ew ew 
This equation and equation (13) are similar to those derived by Gee and Melville (loc. cit.) 
for photochemical initiation. 

Termination by monomer deactivation with monomer transfer. The kinetic scheme is 
given by equations (1), (2), (4), and (5), and by an analogous derivation the following 
expression is derived 

Wp = 1m?(1 + 1/}m,)/(1 + Am)(L + %m + Am/pm)? - - - + (23) 


Termination by monomer deactivation and solvent deactivation. The kinetic scheme is 
given by equations (1), (2), (5), and (6), and we obtain in the same way 
—dM,/dM = m2(bm,? + 2¢m,/M + 1/M?)/bu,2(1 + Am + Am/bm,M)"*? (24) 


The integration of this equation leads to mathematical difficulties, but if we assume 
that solvent deactivation occurs to a much greater extent than monomer deactivation, 
¢m, is very small and in dilute solution 


1/M?> ($m,? + 2¢m,/M) 
Equation (24) then reduces to 
—dM,/dM = Am?/bm,2M2(1 + Am + Am/bm,M)’** 
which on integration gives 
w, = [m/bm,M(1 + Ym + Am/bm,M)y ye . - - ee (28) 
Termination by monomer deactivation with solvent transfer. The kinetic scheme is given 


by equations (1), (2), (5), and (7); by following identical steps to those for the derivation 
of equation (25) but by employing the additional stationary-state criterion that dS*/dé = 0, 
we obtain 
1, = [Am/$mM(1 + Xm + A/bm, My. «we. (26) 
which could also be obtained by substituting ¢m, for dm, in equation (25), as pointed out 
above. 
7M 
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Termination by monomer and solvent deactivation with solvent transfer. The kinetic 
scheme is given by equations (1), (2), (5), (6), and (7), and by following the procedure used 
in the derivation of equation (25), we have 


wy = [Am/(%m, + Pm,)M(1 + Am + Am/bm,M + Am/ba MT +. ~ (27) 


Equations (25), (26), and (27) have been derived by assuming that monomer deactivation 
makes a relatively small contribution to the reaction scheme and that the solvent plays a 
dominant role. If these conditions do not obtain, distribution curves for these systems 
may be obtained by a linear combination of the appropriate equations. For example, for 
monomer deactivation with solvent deactivation, combination of equations (17) and (22) 
gives 

wy = Ard®/(1 + Am)’*! + Blrte/M(1 + Ate/ MM) A we 


where A and B are coefficients given by A/B = Vim/Vis, and A + B= 1. Similarly, for 
monomer deactivation with solvent transfer, we have 


Wp = AP dqn?/(1 + Am)”*? + BlAwt/M(1 + ret/M) Ne 
by substituting Ast for As in equation (28). 


Fic. 1. Integral distribution curves. “1G. 2. Differential distribution curves. 
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Distribution functions for reaction schemes involving combinations of termination and 
transfer reaction other than those given, may be obtained by appropriate substitution in 
the above equations on the lines indicated. 

Application of the Distribution Functions.—The distribution functions for the various 
reaction schemes considered yield two general types of distribution curve for reactions 
which have gone to completion (M=0). Mechanisms involving predominantly 
spontaneous or solvent termination or solvent transfer give integral and differential 
distribution curves of type (a) (Figs. 1 and 2), whereas mechanisms involving predominantly 
monomer termination or monomer transfer give curves of type (b). Where reactions have 
not gone to completion (M > 0) curves of type (a) are modified so as to give a new form 
of curve, (c), but curves of type (b) remain unchanged. It is therefore possible in general 
to distinguish between kinetic mechanisms in which monomer termination or transfer 
predominates, and those in which spontaneous or solvent termination or solvent transfer 
is the principle mechanism. It is not possible by this method to distinguish between 
spontaneous and solvent termination, and, if solvent transfer occurs to a considerable 
extent with monomer termination, the form of the distribution curve will resemble that 
for spontaneous or solvent termination, rather than that for monomer termination. 


THE UNIVERSITY, NOTTINGHAM. [Received, February 18th, 1952.] 
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442. The Kinetics of Catalytic Polymerizations. Part V.* The Mole- 
cular-weight Distribution of Poly-(«-methylstyrene) prepared by the 
Aluminium Chloride-catalyzed Polymerization. 


By D. O. JoRDAN and A. R. MATHIESON. 


The molecular-weight distribution data obtained by Hersberger, Reid, 
and Heiligmann (Ind. Eng. Chem., 1945, 37, 1073) for a-methylstyrene have 
been interpreted by employing the distribution functions derived in Part IV. 
The information obtained when taken in conjunction with the kinetics of 
the reaction given in Part III (j., 1952, 2354) indicates that this reaction 
over the temperature range —130° to 0° is terminated by monomer 
deactivation and solvent transfer. 


POLYSTYRENE and poly-(«-methylstyrene) prepared at room temperature by aluminium 
chloride catalysis in carbon tetrachloride solution (Parts I and III, J., 1952, 611, 2354) are 
of too low a molecular weight to permit accurate fractionation. Hersberger, Reid, and 
Heiligmann (Ind. Eng. Chem., 1945, 37, 1073), however, have fractionated two samples of 
poly-(«-methylstyrene) prepared by the aluminium chloride-catalyzed polymerization in 
ethyl chloride solution, one of relatively high molecular weight (ca. 10°), prepared at —130°, 
and the other of lower molecular weight (ca. 10*), prepared at —50°. The data obtained 
permit the application of the theoretical distribution functions developed in Part IV,* 
and thereby the production of information on the reaction mechanism at low temperatures. 
The mechanism at room temperature has already been discussed in Part III (/oc. cit.). 

The two polymers have very different distribution curves, that of the high molecular 
weight polymer having a form indicating predominantly monomer termination or monomer 
transfer, whereas that of the low molecular weight polymer has a form indicating 
predominantly spontaneous or solvent termination, or solvent transfer ¢ [see Part IV, 
Figs. 1 and 2, curves (a) and (b)}._ Hersberger, Reid, and Heiligmann calculated molecular 
weights from intrinsic viscosities by using Kemp and Peters’s equation (Ind. Eng. Chem., 
1942, 34, 1097) which relates to polystyrene. Consequently it has been thought advisable 
to recalculate the molecular weights (MM) by using the equation obtained in Part III 
(loc. cét.), viz. : 

(x) = 00115 +193 x 105M. ...... (i) 


where [7] = lim y,)/c and c is the concentration of the solution in g./100c.c. The use 
>0 

of either equation, however, involves a large extrapolation for the high polymer, since each 

was established for low molecular weight polymers. This recalculation of the molecular 

weights does not involve any change in the shape of the distribution curves, since both 

equation (1) and Kemp and Peters’s equation (loc. cit.) have [y] « M. 

The symbols employed in this paper are identical with those used in Part IV. 

The Distribution Curve for the High Polymer.—The experimental data are shown in 
Fig. 1, and the shape of the experimental integral (Fig. 1, curve 1) and differential (Fig. 2, 
curve 5) distribution curves is such as to indicate the predominance of monomer termination 
or monomer transfer. We have observed monomer termination in this system at 0° 
(Part III, loc. cit.) and have therefore based our calculations on the occurrence of this 
termination reaction. 

For a reaction scheme involving only monomer termination, Rtm/Rp = Im 1/n where 
n is the number-average chain length of the polymer. The value of ,, for the high polymer 
is found to be 0-000628. By substituting this value into the equation (Part IV) for the 
weight fraction (w,) 

“ey es Poe 
* Part IV, preceding paper. 
+ Hersberger, Reid, and Heiligmann incorrectly plotted the differential distribution curve for the 


high polymer from the data given elsewhere in their paper. This curve has been reproduced by Plesch 
(Research, 1949, 2, 267). The correct curve is given in Fig. 2. 
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we obtain the integral and differential distribution curves shown in Fig. 1 (curve 2) and 
Fig. 2 (curve 6), respectively. Whilst the theoretical curves are of the correct shape, they 
are by no means coincident with the experimental curves. For a reaction involving both 
monomer termination and monomer transfer the appropriate equation is (Part IV) 


Wy = 7% + 1/fm,)/(L + Am)(1 + dm + Am/om)? 2» + + (3) 


Fic. 1. Integral distribution curves for the Fic. 2. Differential distribution curves for the 
high polymer. high polymer. 
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In order to apply this equation we shall consider the case where Viz = Vim, 1.€., om, = 1 
and Am = 1/2n. Curves 3 (Fig. 1) and 7 (Fig. 2) were obtained, and it is apparent that the 
introduction of monomer transfer has produced a shift in the position of the theoretical 
distribution curves in the wrong direction. This will be true whatever value of the ratio 
Vir/Vim is employed. Easily the best correspondence between a theoretical and the 
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experimental distribution curve is that obtained with theoretical curves (curve 4, Fig. 1 
and curve 8, Fig. 2) calculated from the equation (Part IV) 


wv, = 0-77 mn? / (1 + Am)” *? + 0-3 [ rst, Mil + et /M) Ti? ° . . (4) 


which describes a reaction scheme involving 70°, monomer termination and 30% solvent 
transfer or termination. 

The Distribution Curve for the Low Polymer.—The experimental data are given in 
Fig. 3; the shape of the experimental integral (Fig. 3) and differential (Fig. 4) distribution 
curves are such as to indicate the prevalence of spontaneous or solvent termination or 
solvent transfer. The experimental results also show that at —50° the reaction ceased 
in certain cases before all the monomer was consumed. The average value of the ratio 
(monomer consumed) : (catalyst concentration) was 330 and the corresponding value of 
the chain length calculated by equation (1) was 84, which means that one catalyst molecule 
can initiate on average 330/84 > 4 polymer chains. This evidence indicates clearly that 
some form of transfer or of catalyst regeneration is taking place. In view of the conclusions 
drawn from the shape of the distribution curves we are restricted in our choice of such 
mechanisms to spontaneous or solvent termination with release of active catalyst, or to 
solvent transfer associated with monomer termination such that V/V; = 4, this ratio 
being sufficiently large to give a distribution curve of the required form. Calculations 
have been made for both these systems, and curves 9 (Fig. 3) and 11 (Fig. 4) have been 
obtained by the use of the equations (Part IV) 


w= [a/M(l + a/MylP «wl kl tl kl ew © 
for spontaneous termination, 
Wp = [Ae /M(1 4+ Wa/MYYP ltl kl tl tl tw C GH 
for solvent termination, and 
W, = [Pm/bm,M (1 + rma + Pm/bm,M) i ee te 
for solvent transfer and monomer termination. The values of 4, ts, dm,, and Am have 
been calculated as follows: the relations 4/M = %%./M = 1/n, and the experimental data, 
give M, = 2-3 moles/l. and nm = 84, hence } = its = 0-0274 mole/l. 
Vee = 4Vim and 1/¢m,= 4M, and hence ¢m, = 0-1087 1. mole*; also n= 
Vp/(Vim + Ver) and 1jm = Rem/Rp +- RetS/RpM = dm + dm/bm,M, hence »m = 0-00238. 
Slightly better agreement with the experimental data is obtained by using the more 
exact form of equation (7), viz. (Part IV) : 


We = Arq? /(1 + Am)??? + Blret/M(1 + roe/Mye . 2... (8) 


with the values of A and B (0-2 and 0-8, respectively) being determined by the experimental 
condition that Vs/Vim = 4 and A + B = 1, in contrast to the case of the high polymer 
where the values of A and B were arbitrarily chosen to obtain the most satisfactory 
theoretical curve. The curves so obtained are given in Fig. 3, curve 10, and Fig. 4, curve 12. 

Discussion.—The conclusions concerning chain termination to be drawn from the 
distribution curves at —130° and —50°, and from the kinetic analysis at 0° (Part III, 
loc. cit.), are summarized in the table. It is evident that the one scheme common to the 


Permitted termination mechanisms for the aluminium chloride-catalyzed polymerization 
of a-methylstyrene in ethyl chloride solution. 


Temperature Permitted termination mechanisms 
— 130° Monomer termination (70%) + solvent termination or transfer or spontaneous termin- 
ation (30%) 
50° Either (1) monomer termination (20%) + solvent termination or transfer or spontaneous 
termination (80%) 
Or (2) solvent termination or transfer or spontaneous termination (100%) 
0° Monomer termination + solvent transfer 


reaction at all three temperatures is monomer termination plus solvent transfer, and so 
this mechanism is to be preferred. That the same mechanism should be operative over 
the whole temperature range is to some extent indicated by the fact that the variation of 
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molecular weight with temperature obeys the same law over this temperature range 
(Part II, J., 1952, 621). This mechanism is the same as that established kinetically for 
the same polymerization in carbon tetrachloride solution (Part III, loc. cit.) and is closely 
similar to that established for the aluminium chloride-catalyzed polymerization of styrene 
in carbon tetrachloride (Part II, doc. cit.). 

The decrease in molecular weight with increase of temperature (Part II, loc. cit.) is 
explained by the increase in the ratio of transfer to termination. At 0° this ratio is very 
probably not dissimilar to that at —50° since the molecular weights of the polymers obtained 
are comparable. 


THE UNIVERSITY, NOTTINGHAM. (Received, February 18th, 1952.) 


443. The Synthesis of Thyroxine and Related Substances. Part X. 
A Synthesis of p-Thyroxine. 
By J. ELxs and G. J. WALLER. 

Neither 3: 5-dinitro- (I; R = NO,, R’ = NH,) nor 3: 5-di-iodo-4-p- 
methoxyphenoxy-L-phenylalanine (1; R =I, R’ = NH,) could be con- 
verted into the corresponding «-halogeno-acid (R’ = Cl or Br) by treatment 
with the nitrosyl halide. However, 3: 5-dinitro-L-tyrosine reacted with 
nitrosyl bromide to give L-a-bromo-{-(4-hydroxy-3 : 5-dinitrophenyl)pro- 
pionic acid (II) which underwent inversion on treatment with ammonia and 
yielded 3: 5-dinitro-p-tyrosine. This was converted into D-thyroxine by 
the method described in Part V of this series (J., 1949, 3424) for the L-isomer. 


THE unnatural D-isomer of thyroxine has been described twice in the literature. Haring- 
ton (Biochem. J., 1928, 22, 1429) prepared it by iodination of 3 : 5-di-iodo-p-thyronine, 
which had itself been obtained by resolution of the synthetic racemic compound through the 
D-l-phenylethylamine salt of its N-formyl derivative. More recently Pitt-Rivers and 
Lerman (J. Endocrin., 1948, 5, 223) prepared the same compound in small yield by inversion 
of L-tyrosine, conversion of the product into 3 : 5-di-iodo-D-tyrosine, and oxidation of this 
compound with hydrogen peroxide under mild conditions. Neither of these processes 
lends itself to the preparation of D-thyroxine on any but a smallscale, and so its physiological 
properties have not been studied in detail. Indeed, estimates of its activity by various 
workers using different test animals range from zero to that of L-thyroxine. The earlier 
work is reviewed by Pitt-Rivers and Lerman (loc. cit.), who found that D-thyroxine had one- 
eighth to one-tenth of the activity of the L-isomer when tested on myxcedematous patients. 
Subsequently Griesbach, Kennedy, and Purves (Endocrinology, 1949, 44, 445), who used a 
very small number of rats, gave the activity of D-thyroxine as one-third of that of the 
L-isomer. 

It seemed probable that D-thyroxine might be made available in reasonable amount by 
extension of the method already described for the synthesis of the L-isomer from L-tyrosine 
(Part V, J., 1949, 3424), either by application of the method to D-tyrosine or, preferably, by 
inversion of a suitable intermediate at a later stage of the synthesis. 

Owing to their very sparing solubility, neither 3 : 5-di-iodo-4-p-methoxyphenoxy-L- 
phenylalanine (I; R =I, R’ = NH,) nor the corresponding dinitro-compound (Part V, 
loc. cit.) could be converted into (I; R = I or NO,, R’ = Br) by means of sodium nitrite 
in aqueous hydrobromic acid; even when some acetic acid was added the amino-acids 
remained largely undissolved and were apparently unattacked. Treatment of the amino- 
acid (I; R =I, R’ = NH,) with a mixture of hydrobromic and nitric acids in the presence 
of urea (Karrer, Reschofsky, and Kaase, Helv. Chim. Acta, 1947, 30, 271) resulted in a 
vigorous reaction and a crude acid was isolated that gave no colour on treatment with 
ninhydrin but could not be purified either by crystallisation or by chromatography of its 
methyl ester. Similar intractable materials resulted from the addition of nitrosyl chloride 
to a suspension of the amino-acid in acetic acid or chloroform. 


* Part IX, J., 1952, 827. 
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The methyl ester of (I; R= I, R’ = NH,) was similarly resistant to reaction with 
nitrite when suspended in ethanolic hydrochloric acid, its hydrochloride being recovered 
unchanged. Attention was therefore turned to the inversion of dinitro-1-tyrosine. This 
had the advantage over tyrosine itself that, since the positions ortho to the phenolic hydroxy] 


R 
Meo’ Y-0—<_ Sct CHR’-CO,H 
(I) R 
group are blocked, it should not be necessary to form an ether before treatment with nitrite, 
and several stages might thus be eliminated. 

The treatment of 3: 5-dinitro-L-tyrosine in sulphuric acid solution with potassium 
bromide and sodium nitrite (cf. Pitt-Rivers and Lerman, Joc. cit.) gave a satisfactory yield 
of L-«-bromo-$-(4-hydroxy-3 : 5-dinitrophenyl)propionic acid (II). In one large-scale 
experiment a very small quantity of a second product was obtained, which had the same 
analysis as (II) but melted at 158—162° instead of 130—132°. It was optically inactive 
and was shown to be the racemic form of (II) by comparison with a specimen prepared from 
3 : 5-dinitro-DL-tyrosine. 

The L-isomer of (II) was treated with aqueous ammonia at room temperature and the 
crude product was converted into D-5-(4-hydroxy-3 : 5-dinitrobenzyl)hydantoin (V) by 
means of sodium cyanate. This compound had [«], + 63-0°, which agrees well with the 
specific rotation (—61-6°) quoted for the L-isomer (Part V, loc. cit.). Since the inversion 
had, then, been successful, the ammonolysis was repeated and the crude 3 : 5-dinitro-p- 
tyrosine (IV) was acetylated to give, in rather poor yield, N-acetyl-3 : 5-dinitro-p-tyrosine 
(VI). The yield was not increased when a solution of ammonia saturated at 0° was used 
for the ammonolysis. Further investigation showed that the low yield of the N-acetyl 
compound was due in part to dehydrobromination during the ammonolysis, 4-hydroxy- 
3 : 5-dinitrocinnamic acid (III) being isolated as a by-product. More important, however, 
was the fact that under the conditions used (excess of acetic anhydride in the presence of 
sodium hydrogen carbonate) acetylation was incomplete and some unchanged amino- 
acid could be isolated. By acetylation of this material the yield of (VI) was increased to 
51%. The melting point and rotation of (VI), as well as those of the other intermediates, 
are shown in the Table alongside those of the corresponding L-compounds. 


D-Form L-Form * 
Compound M. p. {a]p M. p. la|p 
V 255—256° + +63-0° (acetone) 249—250° + —61-6° (acetone) 
j 192—-194 — 12-7 (dioxan) 189—190 + 12-2 (dioxan) 
119—121 + 6-7 (dioxan) 120—121 — 6-75 (dioxan) 
109—110 + 8-2 (dioxan) 109—110 — 8-2 (dioxan) 
132—136 — 43-4 (dioxan) 135—136 +42-4 (dioxan) 
143—145 —30-5 + 0-15 (dioxan) 143—144 +30-5 + 0-15 (dioxan) 
265 + —27-1 (N-HCl & EtOH) 255 + +26 (n-HCl & EtOH) 
229—230 + + 5-1(N-NaOH & EtOH) 233—235 t+ — 5-7 (n-NaOH & EtOH) 
—17-5 (N-HCl & EtOH) +17-8 (N-HC] & EtOH) 

* The specific rotations for the L-compounds are taken from Part V (loc. cit.) with the exception 
of those for compound (X), which was determined on a specially purified specimen, and for (XII) in 
acid solution, which has not previously been reported. 

+ With decomposition. 





The subsequent reactions were the same as those used for the L-series (Part V, loc. cit.). 
The acetamido-acid (V1) was esterified by an azeotropic method and the ester (VII) was 
converted into N-acetyl-4-p-methoxyphenoxy-3 : 5-dinitro-p-phenylalanine ethyl ester 
(VIII) by successive treatment with toluene-p-sulphonyl chloride and ~-methoxyphenol in 
pyridine. 

The dinitro-compound (VIII) was converted via the diamine (IX) into N-acetyl-3 : 5- 
di-iodo-4-p-methoxyphenoxy-D-phenylalanine ethyl ester (X). This compound appeared 
to be particularly suitable for an accurate assessment of optical purity. It can be obtained 
very pure without difficulty and it has a moderately high specific rotation in dioxan, in 
which solvent colourless solutions can be obtained of quite high concentration. In addition, 
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our experience in the L-series would indicate that no racemisation is to be expected in the 
conversion of (X) into D-thyroxine (XII). Samples of both the L- and the D-isomer of (X) 
were crystallised to constant rotation and, as shown in the Table, the magnitudes of the 
specific rotations were identical. 

Demethylation and hydrolysis of (X) to 3 : 5-di-iodo-D-thyronine (XI) was accomplished 
by means of a boiling mixture of hydriodic and acetic acids, and D-thyroxine (XII) was 
prepared by iodination of (XI) in ethylamine solution. The rotation of thyroxine has 
hitherto been measured in mixtures of aqueous sodium hydroxide and ethanol, in which the 
specific rotation (ca. —5° for L-thyroxine) is too low to permit accurate measurement. It 
has been found that in a mixture of aqueous hydrochloric acid and ethanol the rotation is 

NO, 
Aq. NH, 
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reversed in sign and increased in magnitude (+-18° for L-thyroxine). A comparison of the 
rotation of our D-thyroxine with that of the L-isomer in such a solvent shows satisfactory 
agreement (see Table). 

EXPERIMENTAL 

3: 5-Di-iodo-4-p-methoxyphenoxy-L-phenylalanine Methyl Ester.—3 : 5-Di-iodo-4-p-methoxy- 
phenoxy-t-phenylalanine (Part V, Joc. cit.) (10 g.) was boiled under reflux for 4 hours with methyl- 
alcoholic hydrogen chloride (12%; 100 c.c.). The solid did not dissolve but became noticeably 
more crystalline. After filtration and drying it melted at 238° (9-7 g., 89%). The hydro- 
chloride separated from ethanol-ether as fine, white needles, m. p. 238° (decomp.) (Found : 
N, 2-3; OMe, 11-1. C,,H,,O,NCII, requires N, 2-4; OMe, 10-5%). 

The free base was prepared by dissolving the hydrochloride (2-0 g.) in a warm mixture of 
ethanol and water and adding the solution to 2N-sodium carbonate solution (1-8 c.c.) diluted 
with water and ice. After a short time the solid was filtered off and crystallised from aqueous 
alcohol. 3 : 5-Di-iodo-4-p-methoxyphenoxy-L-phenylalanine methyl ester (1-54 g., 82%) had m. p. 
128—129°, unchanged after further crystallisation (Found: N, 2-55; I, 46-2. C,,H,,O,NI, 
requires N, 2-5; I, 45-9%). 

L-x-Bromo-{-(4-hydroxy-3 : 5-dinitrophenyl)propionic Acid (II).—A solution of 3: 5-dinitro- 
L-tyrosine sodium salt (trihydrate; 34-7 g.) in warm 3n-sulphuric acid (400 c.c.) was cooled 
rapidly with shaking to precipitate the sulphate in a finely divided state. Potassium bromide 
(60 g.) was added and the mixture was cooled to — 15° and stirred while a concentrated solution 
of sodium nitrite (20 g.) was added during 2} hours, the original solid being replaced by a 
powdery yellow solid. The mixture was left overnight at room temperature, and the solid 
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(28-8 g., 86%) was filtered off, washed with a little water, and dried in a desiccator; it melted at 
126—131°. L-«-Bromo-$-(4-hydroxy-3 : 5-dinitrophenyl)propionic acid separated from chloro- 
form as yellow cubes, m. p. 134—136°, [a]? —15-6° (c, 1-0 in ethanol) (Found: C, 32-15; H, 
2-0; N, 84; Br, 24-4. C,H,O,N,Br requires C, 32-3; H, 2-1; N, 84; Br, 23-85%). It 
crystallised less satisfactorily from water to give material of m. p. 66—67°. When this was 
dried in a vacuum desiccator the m. p. rose to that given above. 

In one experiment on a large scale the chloroform mother-liquors from crystallisation of the 
bromo-acid gave, on concentration, a very small quantity of powdery yellow solid which, on 
crystallisation from aqueous methanol, melted at 158—162° (Found: N, 8-3; Br, 23-0%). It 
was optically inactive and was found by comparison with an authentic specimen, prepared as 
described below, to be the pi-acid. 

DL-a-Bromo-8-(4-hydroxy-3 : 5-dinitrophenyl)propionic Acid.—This was prepared from 3: 5- 
dinitro-pL-tyrosine sodium salt (2-2 g.) as described above for the L-isomer. The product 
(1-2 g., 56%) after crystallisation from aqueous methanol had m. p. 158—162° not depressed on 
admixture with a specimen of the material isolated as described above. 

D-5-(4-Hydroxy-3 : 5-dinitrobenzyl)hydantoin (V).—tL-a-Bromo-8-(4-hydroxy-3 : 5-dinitro- 
phenyl)propionic acid (1 g.) was dissolved in ammonia (d 0-88; 20 c.c.) and the solution was left 
at room temperature for 4 days in a securely stoppered flask, then evaporated to dryness, and 
the residual red solid was dissolved in warm water (5c.c.). Sodium cyanate (0-75 g.) was added, 
and the mixture boiled under reflux for 15 minutes; more sodium cyanate (0-4 g.) was added, 
and the mixture boiled for a further 30 minutes. The deep red solution was cooled and carefully 
acidified to Congo-red with concentrated hydrochloric acid. The solid was filtered off and 
heated under reflux for 30 minutes with 5n-hydrochloric acid (5c.c.). After cooling, the yellow- 
brown solid was filtered off, washed with water, and dried. Crystallisation from alcohol with 
charcoal gave the hydantoin as bright yellow needles (0-24 g.), m. p. 255—256° (decomp.) 
(Found: C, 40-5; H, 2-8; N, 18-7. C,H,O,N, requires C, 40-5; H, 2-7; N, 18-9%); 
[a]p +63-0° (c, 0-84 in acetone). 

N-Acetyl-3 : 5-dinitro-p-tyrosine (VI).—t-«-Bromo-$8-(4-hydroxy-3 : 5-dinitrophenyl)prop- 
ionic acid (115 g.) was dissolved in ammonia (d 0-88; 2300 c.c.) and left at room temperature 
in a securely stoppered flask for 5 days. Sodium hydroxide (10N; 69 c.c.) was added and the 
solution was concentrated under reduced pressure to half of its original volume, the temperature 
being kept below 40°; a red solid separated during the concentration. The last traces of 
ammonia were removed by bubbling air through the solution. Sodium hydrogen carbonate 
(46 g.) was added, followed by acetic anhydride (46 c.c.) added dropwise during 90 minutes 
to the stirred mixture which was kept below 25°. The stirring was continued for a further hour 
and the undissolved solid (A) was filtered off. The filtrate was acidified to Congo-red with 15% 
hydrochloric acid, giving an oil which solidified on standing in the refrigerator. It was filtered 
off, washed with water, and crystallised from water to give 32-5 g. of material, m. p. 188—190°; 
a second crop (6-3 g.) was obtained from the mother-liquors. After further crystallisation from 
water or ethyl acetate, N-acetyl-3 : 5-dinitro-p-tyrosine melted at 192—194°, [a«]#? —12-7° 
(c, 1-0 in dioxan) (Found: C, 42-4; H, 3-5; N, 13-1. C,,H,,O,N, requires C, 42-2; H, 3-5; 
N, 13-4%). 

Solid A (31-5 g.) was dissolved in hot water and acidified to Congo-red with concentrated 
hydrochloric acid. On cooling, a yellow solid (4:5 g.) separated, having m. p. 203—205 
(decomp.). After crystallisation from water, this 4-hydroxy-3 : 5-dinitrocinnamic acid melted 
at 204—207° (decomp.) (Found: C, 42-5; H, 2-5; N, 11-0. C,H,O,N, requires C, 42-5 
H, 2-4; N, 11-0%). 

By concentration of the filtrate from the cinnamic acid to small bulk, a yellow solid (22-8 g.) 
was obtained which melted at 228° (decomp.) and is believed to have been 3: 5-dinitro-p 
tyrosine hydrochloride. On acetylation by addition of acetic anhydride (11-7 c.c.) to a stirred 
solution of the material in 2N-sodium hydroxide (183 c.c.), kept below 25° and stirred for an 
additional hour, a further quantity of the acetyl compound (15-7 g.) was obtained, identical with 
that described above; the total yield was 54-5 g. (51%). 

An attempt, in another run, to carry the acetylation to completion in the first place by 
treatment with further quantities of sodium hydrogen carbonate and acetic anhydride was not 
successful. 

N-Acetyl-3 : 5-dinitro-p-tyrosin: Ethyl Ester (VII).—N-Acetyl-3 : 5-dinitro-p-tyrosine (33-3 g.) 
was esterified by the method described in Part V (loc. cit.) for the L-compound. The ester (35-4 g., 
98%) melted at 119—121° and had [a]?? +6-7° (c, 6-0 in dioxan) (Found: C, 45-8; H, 4-55; 
N, 12-4. C,,;H,,0,N, requires C, 45-8; H, 4-4; N, 12-3%). 
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N-Acetyl-4-p-methoxyphenoxy-3 : 5-dinitro-p-phenylalanine Ethyl Estey (VIII).—N-Acetyl- 
3 : 5-dinitro-p-tyrosine ethyl ester (9-6 g.) was treated as described under method (b) (Part V, 
loc. cit.) for the L-compound. It should be noted that the volume of pyridine is given incorrectly 
in that description as 80 c.c. instead of 480 c.c. The resulting ester (8-4 g., 67%) had m. p. 
109—110° and [«]} +8-2° (c, 1-0 in dioxan) (Found: C, 53-9; H, 4-8; N, 9-5. C,,H,,0,N, 
requires C, 53-7; H, 4:7; N, 9-4%). 

N-Acetyl-3 : 5-diamino-4-p-methoxyphenoxy-D-phenylalanine Ethyl Ester (IX).—The fore- 
going dinitro-compound (32-2 g.) was hydrogenated as described in Part V (loc. cit.) for the 
L-compound. The diamine (25-2 g., 90%) melted at 72—77°, resolidified and finally melted at 
132—136°, and had [«]i? —43-4° (c, 0-99 in dioxan) (Found: C, 61:5; H, 65; N, 10-9. 
C,,>H,;0,N, requires C, 62-0; H, 6-45; N, 10-85%). 

N-Acetyl-3 : 5-di-iodo-4-p-methoxyphenoxy-p-phenylalanine Ethyl Ester (X).—The diamino- 
ester (20 g.) was tetrazotised and the tetrazonium solution decomposed with iodide as described 
for the L-compound in Part V (loc. cit.). After completion of the reaction the chloroform layer 
was separated and the aqueous layer extracted twice with chloroform. The combined chloro- 
form solutions were washed with aqueous sodium thiosulphate, to remove excess of iodine, and 
then repeatedly with water. The solution was evaporated to dryness and the solid residue 
dissolved in benzene and passed through an alumina column, benzene being used for elution. 
Crystallisation of the eluted material from ethanol gave the di-iodo-ester (17-4 g., 55%), m. p. 
143—145°, [a]j? —30-5° (c, 6-0 in dioxan) (Found: C, 39-65; H, 3-6; N, 2-0; I, 41-7. 
C.y9H,,0,NI, requires C, 39-4; H, 3-5; N, 2-3; I, 41-7%). 

3 : 5-Di-iodo-p-thyronine (XI).—The foregoing di-iodo-ester (15-9 g.) was hydrolysed as 
described in Part V (loc. cit.) for the L-compound. The 3: 5-di-iodo-p-thyronine (12-4 g., 90%) 
had m. p. 265° (decomp.) and [«]}) --27-1° (c, 1-0 in N-hydrochloric acid—ethanol, 1 : 2 by vol.) 
(Found: C, 34-6; H, 2-9; N, 2-4; I, 47-9. Calc. for C,,H,,0,NI,: C, 34:3; H, 2-5; N, 2-7; 
I, 48-35%). [Harington, loc. cit., gives m. p. 256° (decomp.); the rotation, determined in 
ammonia solution, cannot usefully be compared with ours. } 

D-Thyroxine (XII).—3: 5-Di-iodo-p-thyronine (5-25 g.) was iodinated as described in 
Part V (loc. cit.) for the L-compound. The resulting p-thyroxine (5-9 g., 76%) had m. p. 229— 
230° (decomp.), [«]# +5-1° [c, 1-98 in N-sodium hydroxide-ethanol (1 : 2 by vol.)] and —17-5° 
[¢, 2-04 in N-hydrochloric acid—ethanol (1 : 4 by vol.)] (Found: C, 23-3; H, 1-7; N, 1-7; I, 65-7. 
Calc. for C,,H,,O,NI,: C, 23-2; H, 1-4; N, 1-8; I, 65-3%). Harington (loc. cit.) gives m. p. 
237° (decomp.): the rotation was determined under different conditions. Pitt-Rivers and 
Lerman (loc. cit.) do not give a m. p. but give [a]? +5-15° for a 3-3% solution in n-sodium 
hydroxide-ethanol (1 : 2 by vol.). 


RESEARCH AND DEVELOPMENT Division, GLAxXo LABORATORIES, LTD., 
GREENFORD, MIDDx. (Received, February 20th, 1952.] 


444. The System MnSO,-H,SO,-H,0. 


By Duncan TAYLOR. 


The system MnSO,-H,SO,-H,0 has been investigated at 0°, 20°, 25°, 
45°, 65°, and 95-7°, and the following succession of solid phases observed : 
MnSO,,5H,O, MnSO,,H,O, MnSO,,H,SO,,H,O, MnSO,,H,SO,, and 
MnSO,,3H,SO,. The pentahydrate does not exist in contact with saturated 
solutions above 24-5°, and the lower formation temperature of MnSO,,H,SO, 
is very close to 65°. The microscopical appearance of solid phases together 
with details of solubility medsurements and analytical procedures are given. 
Conditions under which transitions between hydrates and/or acid sulphates 
occur in condensed sulphate systems have been examined, and lead to an 
empirical method for distinguishing between normal and acid sulphates 
whether hydrated or not. 


SOLID-LIQU1D phase equilibria in condensed metal sulphate-sulphuric acid—water systems 
may show one or both of two general features: (a) progressive dehydration of normal 
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sulphate hydrates as the temperature is raised and/or the acid concentration increased, and 
(6) formation of acid sulphates. Polythermal equilibrium data provide comparisons of 
hydrate-lower hydrate, hydrate-acid sulphate and acid sulphate-higher acid sulphate 
transitions and, while reliable results for (a) are numerous, examples of (6) either alone or in 
conjunction with (a) have received much less attention. Manganese sulphate is one such 
case, only one isotherm at 12-6° having been reported (Montemartini and Losana, Ind. chim., 
Roma, 1928, 4, 107). The following succession of solid phases with increasing acid concen- 
tration is claimed: MnSO,,5H,O, MnSO,,4H,O, MnSO,,H,O, MnSO,, MnSO,,H,SO,,H,0, 
MnSO,,H,SO,, MnSO,,3H,SO,. Data for this system over the range 0—95-7° are now 
presented, and the above three types of transition compared for this and other systems for 
which sufficient reliable data are available. 


EXPERIMENTAL 


“AnalaR”’ materials were used throughout, the manganese sulphate being in the form 
of the metastable tetrahydrate (B.D.H.). Mixtures of the desired composition were prepared 
from previously analysed materials by weighing in small tubes or flasks. These were 
closed with rubber stoppers carrying glass stirrers and 6” stirrer glands lubricated with stiff 
grease. Thus absorption of atmospheric moisture by the solutions during stirring to equiliprium 
was negligible. The time to reach equilibrium varied from a few hours at 95-7° to a fortnight 
at low temperatures and high acid concentrations. Owing to comparatively small changes in 
solubility with temperature and the absence of marked supersaturation, it was not possible to 
bring the initial tetrahydrate solid phase completely into solution before transference to the 
thermostat bath, but fortunately inter-solid phase transitions were moderately rapid and progress 
towards equilibrium could be readily observed by microscopical examination. The establish- 
ment of equilibrium was judged both microscopically and by agreement between solubility 
results for duplicate experiments. Electrically heated water-thermostats controlled within 
+0-02° by electronic relays (Taylor, J., 1951, 232) were used at 20°, 25°, 45°, and 65°, gas heating 
at 95-7° + 02°, anda well-lagged bath of melting ice at 0°. A layer of liquid paraffin minimised 
evaporation at the higher temperatures. Samples of saturated solutions were withdrawn for 
analysis by means of a pre-heated micro-filter stick of No. 3 porosity and a pipette of suitable 
volume; the samples were weighed in a closed vessel and diluted to a standard volume with 
distilled water. Whena sample of the moist solid phase was required, as much as possible of the 
remaining liquid was removed with water-pump suction via the filter stick without removal of 
the solubility vessel from the thermostat. Since all the solid phases were well crystallised and 
settled rapidly, this sampling procedure could be carried out so quickly that absorption of 
moisture by the deliquescent phases was negligible except at very high acid concentrations at 
95-7°._ Even then absorption was very slight. 

Although none of the crystals except MnSO,,5H,O and MnSO,,H,0 could be isolated in the 
dry state for refractive index measurements, the appearance and optical properties of all of 
them when viewed, in contact with mother-liquor, with a polarising microscope were sufficiently 
characteristic to allow of their certain identification. These observations always agreed with 
tie-line information, and thus analyses of moist solid phases could frequently be dispensed with. 
Indeed, isothermal invariant points could be recognised with complete certainty microscopically, 
but not so from tie-lines unless the two solid phases were present in roughly equal amounts. 

Analytical Procedure.—The samples were analysed for manganese and free sulphuric acid, 
water being determined by difference. For manganese, the bismuthate procedure (Vogel, 
“‘ Quantitative Inorganic Analysis,’’ Longmans, Green & Co., 1948, p. 358) was shown to be 
accurate over the range of manganese concentrations and of MnSO, : H,SO, ratios encountered 
in this work if 15 minutes were allowed for the oxidation at room temperature. Typical results 
with standard potassium permanganate solution reduced with sulphur dioxide as a known 
source of manganese are shown in Table 1. For sulphuric acid, titration with standard sodium 
carbonate solution and a bromocresol-green—methyl-red mixed indicator proved highly accurate 
provided carbon dioxide was removed by boiling just before the true end-point. Since the 
latter is delayed when carbonate is run into an acid solution, a preliminary titration was neces- 
sary. The indicator contained 0-09 g. of bromocresol-green and 0-06 g. of methyl-red in 100 ml. 
of 80% alcohol, and changed from bluish-pink through grey to green with increasing pH. The 
very sharp grey-to-green change was always taken as the end-point. Results for known H,SO,- 
MnSO, mixtures are given in Table 1. 
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TABLE 1. 


Soisininiaibipicateniatal iain Found : 
MnSO,, Wt.-ratio MnSOQ,, 0-5n-H,SO,, Wt.-ratio 0-5n-Na,CO,, 
mg. H,SO, : MnSO, mg. ml. MnSO, : H,SO, ml. 

6-04 1000 5-93 25-0 . 25-00 
30-2 100 30-08 25-0 , 24-99 
75-5 0 75°53 25-0 “96 24-99 

151-0 0 151-4 25-0 , 25-01 
25-0 . 25-00 
25°0 25-00 


RESULTs. 

Microscopical Appearance of Solid Phases.—MnSO,,5H,O is pink, triclinic, with the same 
habit as that of perfectly formed CuSO,,5H,O crystals (cf. Hammel, Ann. Chim., 1939, 11, 247). 
MnSO,,H,O forms minute birefringent bipyramids or four-sided prisms which in bulk appear 
almost white. MnSO,,H,SO,,H,O forms 1—2-mm., pink, six-sided plates whose opposite 
edges and side faces are parallel, none of the side faces being perpendicular to the plane of the 
hexagon. Extinction is symmetrical and multiple twinning frequent. The acute bisectrix is 


TABLE 2. The System MnSO,-H,SO,- H,0. 


Extra- Extra- 

Moist solid _ polated Moist solid _polated 
Solution »hase tie-lines, Solution hase tie-lines, 
MnSO,, H,SO,, MnSO,, H,SO,, MnSOQ,, Solid MnSO,, H,SO,, MnSO,, H,SO,, MnSQ,, Solid 
% 7 % % % phase % % % % % phase 

At 0°. 

13:10 27-90 A+B 35-88 0-0 
16-78 20-40 
At 20°. 2-87 45-93 
30-61 8-98 - - A 0-89 61-73 
0-47 69-64 - +C 1-26 70-70 
0-37 89-09 —- - »+D 0-54 76-10 
83-41 
At 24-5°. . 89-20 
* 39:3 ° - . 90-70 
: , 90-80 

At 25°. , 90-91 
38-81 ; - . 91-68 
25-08 . . “92 ‘72 92-79 


At 95-7°. 

25-87 0-0 — — 
2:06 69-41 , . 89-79 
71-20 — 
72-28 ng “4 76-75 
88-40 7:25 54 94-68 
88-50 5: 51- 65-92 
89-15 20 “2 62-07 
90-58 — 
91-41 — 
92-40 , , 66-17 
93-0 — 
93-63 , , 67-10 
94-49 P “4 71-61 
95-87 : ‘ 74°36 


i) 


+ H+ 000+ wots 
rea) 


o 


57-62 . 
70-09 53-32 
70-00 53-26 
70-90 48-21 
72:89 39:1 

84:90 39-04 
88-20 36-94 
89:30 31-41 
89-54 23-93 
90:90 27-00 
92-08 23-73 
96-29 26-24 


Pe et et et et et et et et ee PO OD 
Sewowre od-30+1— 
Cronstwne COCO @m 


0-0 
19-54 
44-75 
62-20 
70-30 
77-70 
83-80 
90-02 
90-05 
91-59 
96-92 


* Krepelka and Rejha, Coll. Czech. Chem. 
Comm., 1933, 5, 67. 


Solid phases: A = MnSO,,5H,O 
* B = MnSO,,H,O 
C = MnSO,,H,SO,,H,O0 
D = MnSO,,3H,SO, 
E = MnSO,.H,SO, 


++ 00+ to 


— 
~~ 
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almost perpendicular to the plate, the optic axial angle is small, and the optical sign negative. 
MnSO,,H,SO, occurs as very small pink birefringent parallelepipeds or short six-sided prisms 
with several end faces. MnSO,,3H,SO, forms highly birefringent four-sided prisms which are 
biaxial negative, with the slow ray across the prism. Extinction is not symmetrical. 

Phase Equilibria.—Table 2 contains all the solubility and tie-line measurements, the column 
headed ‘‘ Extrapolated tie-lines, MnSQ,, % ” giving the points where the mathematically extra- 
polated tie-lines cut either the MnSO,-H,0 or the MnSO,-H,SQ, side of the equilateral triangle 
as the case may be. These points have direct significance regarding the composition of solid 


MnSO, 


Fic. 1. System MnSO,-H,SO,-H,O 


at 25°. 





Fic. 2. Polytherm for system 
MnSO,-H,SO,-H,0. 











phases B, D, and E (theor.: 89-3, 33-9, and 60-6% of MnSO, respectively), but not for the 
ternary compound C whose composition must be judged from the appropriate tie-line con- 
vergence point inside the triangle. Compositions are by weight. Typical tie-line convergence is 
shown on the 25° isotherm in Fig. 1, and the polytherm projection diagram in Fig. 2. The 
MnSO,,H,SO,-MnSO,,3H,SO, isothermal invariant point at 95-7° is unknown, but the corre- 
sponding univariant line on the polytherm must run from the lower formation point of 
MnSO,,H,SO, passing very near to the last point on the 95-7° isotherm. This is the direction 
given in Fig. 2. 


DISCUSSION 
In view of (1) the presence of not more than 30% of liquid phase in samples of moist 


solid phases, (2) the reliability of the anal'tical procedure s, and (3) the use of mathematical 
extrapolation to eliminate drawing errors, the position of the tie-lines is considered accurate 
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in all cases except at very high acid concentrations at 95-7°. The composition of the 
solid phases B, C, and D as deduced from tie-line convergence is, therefore, quite un- 
ambiguous, but this is not so for the solid E. Composition MnSO,,H,SO, for E is, however, 
preferred on several grounds. The relevant tie-lines should converge for this composition 
at the point MnSO, 60-6% on the MnSO,-H,SO, side of the triangle, and the most reliable 
line, 7.¢e., that which makes the largest angle with this side, does in fact run to the point 
62-07%, (see Table 2), while the tie-line from the neighbouring invariant solution runs to the 
point 65-92%. The latter implies that the solid E must contain less than 65-92%, MnSO, 
and could not, therefore, be MnSO, or 2MnSO,,H,SO,. That four of the tie-lines in 
question do actually run to points with higher MnSO, contents is believed due to the fact 
that they run almost parallel to the MnSO,-H,SQ, side of the triangle, and in consequence 
errors as small as 0-2°%, in the water content of the moist solid phase points would have a 
major effect on the gradient of the corresponding tie-lines. The observed displacement of 
the latter from convergence at MnSO, 60-6%, is consistent with the absorption of about 
10 mg. of water by the moist solid phases during sampling and this is considered not 
improbable. It is unlikely that the displacement is due to the presence in addition to E 
of a second solid phase, viz., MnSO, or 2MnSO,,H,SO,, because (1) the solid phase was 
microscopically homogeneous, (2) experiment showed that the anhydrous sulphate, pre- 
pared by heating the pentahydrate im vacuo at 200° (controlled by analysis), is rapidly 
converted into E when heated with 98-6°% H,SO, at temperatures between 95° and the 
boiling point, and (3) true equilibrium was undoubtedly established and there could, 
therefore, be no question of E’s slowly changing into another phase. Furthermore, the 
composition 2MnSO,,H,SO, for E would require the moist solid phases to contain about 40% 
of mother-liquor, but, in view of the well-crystallised nature of E and the method of 
sampling, the figure 25°% as required by MnSO,,H,SO, is considered much more probable. 
Little significance can be attached to the 65° tie-line for E, which runs to MnSO, 56%, 
owing to the extremely small range of stability of E at this temperature. The solid phase 
in this instance may have contained a small amount of phase D which would account for the 
low MnSQ, content. 

There is no evidence for the occurrence as stable solid phases of the tetrahydrate or 
anhydrous normal sulphates as reported by Montemartini and Losana (loc. cit.) at 12-6°. 
As mentioned above, MnSO,,H,SQ, is still present as stable solid phase in 98% acid even 
at the boiling point, and it seems unlikely, therefore, that the anhydrous normal sulphate 
ever appears in the ternary system at atmospheric pressure. These authors also claim the 
existence of MnSO,,H,SO, at 12-6°, but from Table 2 it is clear that the lower formation 
temperature of this phase is only very slightly less than 65°. The present solubility results 
differ considerably from those of the authors mentioned. All the moist acid sulphate 
phases dissolved in water with evolution of heat greatly in excess of that due to adhering 
mother-liquor alone, thus suggesting the presence of covalent H,SO, molecules (or 
H,0*HSO,- in the case of MnSO,,H,SO,,H,0) as structural units in the lattices. 

It will be seen from Fig. 2 that the water content of all points on the univariant line 
where MnSO,,5H,O and MnSO,,H,0 co-exist in contact with saturated solutions increases 
with rise in temperature. This behaviour is common to all inter-hydrate transitions in 
systems showing the feature (a) mentioned above for which reliable data are available (a 
total of 18 examples) and may therefore be considered characteristic of this type of trans- 
ition. Analternative statement of this water requirement is that, on traversal of the hydrate 
saturation surfaces at constant water content in the direction of rising temperatures, the 
path must pass from a higher to a lower hydrate surface and never the reverse. It is 
noteworthy that the transition MnSO,,H,SO,,H,O =» MnSO,,H,SO, involving acid 
sulphates also conforms to the water condition, as does a similar example in the ferric 
sulphate system. 

Analogously, for this and other systems showing feature (0), paths over the acid sulphate 
saturation surfaces at constant sulphuric acid content in the direction of rising temperature 
always pass from a higher to a lower acid sulphate surface. This corresponds to a rise in the 
free acid content of all points on the univariant lines with rise in temperature. Thirteen 
examples have been found altogether. The transitions MnSO,,H,O =» MnSO,,H,SO,,H,O 
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and MnSO,,H,SO,,H,O == MnSO,,3H,SO,, and a similar example from the ferric sulphate 
system, also conform to the acid sulphate case. 

It appears therefore that the direction of the appropriate univariant lines could be 
used to characterise the three types of transition, and thus to distinguish between normal 
and acid sulphates, whether hydrated or not, in cases where tie-line convergence is am- 
biguous. Corresponding transitions in systems of the type M,O-P,0O;—H,O, though only 
a few examples are available, appear to conform to the same criteria as apply in sulphate 
systems. In MCI-HCI-H,0 systems only a minority of hydrate transitions conform. 


Grateful acknowledgments are made to Professor H. Bassett for much stimulating corre- 
spondence, and to Imperial Chemical Industries Limited and the Moray Endowment Fund for 
grants for chemicals and apparatus. Part of this work was carried out during the tenure of an 
I.C.I. Fellowship. 
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445. Studies in the Sterol Group. Part LIII.* The Preparation 
of 7-Hydroxy-3-keto-A*-steroids. 


| 
By C. W. GREENHALGH, H. B. HENBEsT, and E. R. H. JONEs. 


78-Hydroxycholest-4-en-3-one can be prepared in rather low yield by 
Oppenauer oxidation of 78-hydroxycholesterol; attempts to prepare the 
7x-epimer were not successful owing to its ready dehydration. Lithium 
aluminium hydride reduction of the enol methyl ether of “ 3: 7-diketo- 
cholestene’’ has been shown to afford cholesta-4: 6-dien-3-one in 60% 
yield—the course of this reaction indicates the methyl ether to have the 
structure, 3-methoxycholesta-3 : 5-dien-7-one. 


THE lack of antirheumatic activity shown by Reichstein’s compound §S, and related com- 
pounds not containing an 1l-oxygen substituent, indicates that an oxygen group in this 
position is a prerequisite for certain types of biological activity. However, 11-deoxy- 
compounds related to cortisone, which carry instead an oxygen substituent at a nearby 
position in the “‘ centre ’’ of the steroid molecule, have not been prepared or tested. Thus it 
might prove possible to replace the C;,,-substituent by one at one of the positions 7, 8, 
and 9, and still retain some degree of antirheumatic activity. Position 7 is of particular 
interest because a variety of substituents can be introduced into this position starting from 
A®-steroids, although only one such compound containing the physiologically important 
3-keto-A‘-system, 7«-methoxycholest-4-en-3-one,t has yet been described (Henbest and 
Jones, J., 1948, 1798). Some further 7-methoxy-compounds are described in the following 
paper, but since a 7-hydroxyl group might offer advantages over a methoxy-group with 
regard to biological activity, the preparation of this type of compound (III) has now been 
studied in the cholesterol series. 

Oppenauer oxidation of 78-hydroxycholesterol (I) afforded a gum, the light absorption 
of which indicated the presence of an «f-unsaturated ketone and an af : y8-diene-ketone. 
Chromatography yielded three crystalline compounds, cholesta-4 : 6-dien-3-one (II) 
(40%), 7-hydroxycholest-4-en-3-one (III) (10%), and 7-ketocholesterol (IV) (25%). 
The relative proportions of these compounds suggests a preference for oxidation to occur at 
the less sterically hindered 3-position than at the more activated 7-position. The con- 
stitution (III) for the new hydroxy-ketone whs confirmed by its ultra-violet light absorption, 
and by the preparation of an acetate and a benzoate. An attempt to prepare this benzoate 
by Oppenauer oxidation of 78-benzoyloxycholesterol gave cholesta-4 : 6-dien-3-one (II). 

* Part LII, J., 1951, 2402. 

+ Following the suggestions of Fieser, Fieser, and Chakravarti (J. Amer. Chem. Soc., 1949, 71, 2226) 
concerning the configurations of 7-substituents, the trivial indices ‘‘a’’ and ‘‘ B’’ employed in the 
previous papers in this Series (J., 1948, 1783—-1803) are now replaced by the true (reversed) indices. 
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The preparation of the epimeric 7a-hydroxycholest-4-en-3-one was then attempted by 
similar methods, but Oppenauer oxidation of 7a-hydroxy-, -acetoxy-, and -benzoyloxy- 
cholesterol gave products showing only dienone absorption at 2850 A, due to the presence 
of cholesta-4 : 6-dien-3-one. However, since 7«-methoxycholest-4-en-3-one can be 


| 
| NZ 
Ky + 4 o¢ + Pe 4 4 
4\4\4 WN yo VS 
O O OH HO O 


(IT) (IIT) (IV) 


prepared by Oppenauer oxidation of 7a-methoxycholesterol, temporary protection of the 
7«-hydroxyl group as an ether was indicated, the ethers (acetals) formed by the addition 
of 2: 3-dihydropyran appearing to be most suitable as they can be readily hydrolysed 
under mild acidic conditions (cf. Greenhalgh, Henbest, and Jones, J., 1951, 1190). The 
experimental procedure was first investigated with the analogous conversion of 7$-benzoyl- 
oxycholesterol into 7-ketocholesterol. Thus the former sterol gave the adduct (V) with 
dihydropyran, which on alkaline hydrolysis and Oppenauer oxidation gave the unsaturated 


S:.. | aeeer C,H,O 
aX © ¢ Gig == (XK Se ws 
fF ™® N Mon 


(C,H,O)O OBz (C,H,O)O (C,H,O)O 


ketone i the structure of which was confirmed by an alternative method of preparation 
from 7-ketocholesterol and dihydropyran. Hydrolysis of (VI) by the method employed 
previously, viz., warm dilute hydrochloric acid in methanol, gave cholesta-3 : 5- 
dien-7-one, but milder hydrolysis conditions at 20° afforded a good yield of 7-ketocholesterol. 

The reaction between dihydropyran and 7a-hydroxycholesteryl acetate (Henbest and 
Jones, J., 1948, 1792) gave an adduct, which was converted by alkaline hydrolysis into the 
38-sterol (VII). On Oppenauer oxidation, this sterol yielded a non-crystalline ketone 


ho a OH’ ae 6% Qoecn Oppenauer & o4 B ce ane (II) 
S of @ 


0(OC,H,) HO O(OC;H,) 0O(OC,H,) 
(VII) (VIII) 


(VIII), which displayed a single absorption maximum at 2440 A, as exhibited by A‘-3- 
ketones. Hydrolysis of the protecting pyranyloxy-group under the mild acidic conditions 
mentioned above for preparing 7-ketocholesterol proceeded more slowly, in accordance 
with the greater hindrance at (and near) position 7 (cf. the greater ease of hydrolysis of 3- 
acetates compared with 7-acetates; Henbest and Jones, loc. cit.). The only product isol- 
ated from the hydrolysis was cholesta-4 : 6-dien-3-one, the 7a-hydroxycholest-4-en-3-one, 
presumably formed initially, having undergone dehydration in the acidic solution. 

The ease of dehydration of 7«-hydroxycholest-4-en-3-one may well be connected with 
the fact that the (polar) 7a-hydroxyl group is in the same plane as the (polar) 68-hydrogen 
atom, on the assumption that ring B is in the more stable chair form (cf. Barton and 
Miller, J. Amer. Chem. Soc., 1950, 72, 1066). In this configuration, therefore, dehydration 


Ca 1 Top OH. 


Cy Hes 


should be facilitated, whereas with the 78-hydroxy-compound, dehydration will be rendered 
more difficult as the hydroxyl group does not lie in the same plane as either of the hydrogen 
atoms attached to Ci». 
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The reduction of ‘‘ 3 : 7-diketocholestene ’’ ([Xa and/or 6; R = H) was investigated as 
providing a possible route to compounds containing a 7-hydroxy-3-keto-A‘-structure. This 
‘‘ diketone,’’ prepared by Barnett, Ryman, and Smith (/J., 1946, 526), was shown to exist 
mainly if not entirely in a monoenolic form, the ready formation of a methyl ether and an 
acetate being in accordance with this view. 

The enol-ketone was prepared as described by Barnett, Ryman, and Smith; however, 
different physical constants were recorded for some of the compounds described by these 
authors, and a comparison of the values is given in the Experimental section. 

Lithium aluminium hydride reduction of the enol-ketone was first attempted but, 
under various conditions, non-crystalline products only were obtained. However similar 
reduction of the methyl ether (IXa or IXb; R = Me) afforded a 60°% yield of cholesta- 
4 : 6-dien-3-one (II). 


r \ 7 " / \7Z MNIA 
(11) = yi. LO )> Ls ~ A OV 0\70™ 
sa wv J ines Y/Y NV St 4 7 ‘OR 
(X) (IXa) (IXb) 

The most likely explanation of this result is that the initial methyl ether has structure 
(LXa; R= Me) and not (IX; R = Me), the first product of reduction then being the 
7-hydroxy-compound (X) (2 epimers), and that during the working up procedure (with 
aqueous tartaric acid) anionotropic rearrangement of the hydroxyl group takes place to 
position 3, whereupon loss of methanol gives the dienone (II). These ideas received con- 
firmation by the results of decomposition of the reduction complex with water instead of 
tartaric acid. The solution obtained exhibited Amax, 2440 A in agreement with structure 
(X), and subsequent treatment with aqueous tartaric acid shifted the absorption maximum 
to that of the dienone at 2850 A. The ease of rearrangement of the hydroxyl group in 
(II) parallels the ready rearrangement of the system >C(OH)*CH=CH-OEt to give 
>>C=CH-CHO (Arens and van Dorp, Rec. Trav. chim., 1949, 68, 604). 

The large levorotations of the enol acetate and methy] ether further support structures 
corresponding to (IXa) and not (IXd) for these compounds (see Table, p. 2379). Possible 
reasons why the compounds adopt the former structure may be related (a) to the larger 
bulk of the 7-methoxy- or 7-acetoxy-group compared with a 7-keto-group, thus causing 
more hindrance or “‘ overlap ’’ with hydrogen atoms attached to C,,,), and (6) to stabiliz- 
ation of the system (IXa) by a weak hydrogen bond between the 7-carbonyl oxygen and 
C5) methylene group (cf. internal constellation of medium-ring ketones; Prelog, J., 1950, 
420). 


EXPERIMENTAL 


In this and the following paper, m. p.s were determined on a Kofler block, rotations were 
measured in chloroform solutions, and light absorptions were determined in ethanol solutions. 
The alumina (P. Spence; Grade H) used for chromatography had an activity of between 2 and 
3 on the Brockmann-—Schodder scale (Ber., 1941, 74, 75). It was neutralized (and deactivated) 
by treatment with dilute acetic acid as will be described by Farrar, Hamlet, Henbest, and Jones 
(forthcoming publication). 

Oppenauer Oxidation of 78-Hydroxycholesterol ; Preparation of 78-Hydroxycholest-4-en-3-one 
(III).—A mixture of the above diol (1 g.), dry acetone (15 c.c.), dry benzene (25 c.c.), and 
aluminium fert.-butoxide (6 c.c. of a 25% solution in toluene) was heated under reflux for 4 hours. 
The steroid was isolated with ether, and the gum obtained was freed from mesityl oxide by the 
addition of purified xylene followed by evaporation under reduced pressure; this product 
exhibited light absorption maxima at 2410 and 2845 A. It was dissolved in light petroleum 
(b. p. 40—60°) and added to a column of alumina (125 g.), which had been neutralized with 
aqueous acetic acid (6-25 c.c. of a 10% solution). Development of the chromatogram with light 
petroleum (b. p. 40—60°)—benzene (2: 3) afforded a gum (400 mg.), which later solidified to 
give cholesta-4 : 6-dien-3-one, m. p. and mixed m. p. 79—80°, after recrystallisation from ether— 
methanol. Development with benzene-ether (9:1) gave a product (170 mg.) that solidified 
in contact with ether and was crude 7$-hydroxycholest-4-en-3-one (see below). Continued 
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development with the same solvent afforded a gum (130 mg.), followed by 7-ketocholesterol 
(250 mg.), m. p. and mixed m. p. 169—170°. 

The crude 7$-hydroxy-ketone was rechromatographed on neutralized alumina (20 g.). 
Development with benzene gave a product which after recrystallization from methanol gave 
78-hydroxycholest-4-en-3-one (106 mg.) as needles, m. p. 183-5—184°, [«]}® +63° (c, 0-33) (Found : 
C, 81-0; H, 11-2. C,,H,,O, requires C, 80-95; H, 11:1%). Light absorption: Maxima, 2430 
and 3105 A, e¢ = 15,500 and 85 respectively. 

78-Acetoxycholest-4-en-3-one.—The 7$-hydroxy-ketone (180 mg.) was acetylated with acetic 
anhydride (3 c.c.) in pyridine (6 c.c.) at 20° for 24 hours. Recrystallization of the product from 
light petroleum (b. p. 40—60°) gave the acetate (140 mg.) as plates, m. p. 101—102°, [«}}® +77° 
(c, 0-60) (Found: C, 78-8; H, 10-6. C,,H,,O, requires C, 78-65; H, 10-5%). Light absorp- 
tion : Maxima, 2380 and 3120 A; ¢ = 16,100 and 60 respectively. 

78-Benzoyloxycholest-4-en-3-one.—The 78-hydroxy-ketone (180 mg.) in pyridine (5 c.c.) was 
treated with benzoyl chloride (2 c.c.) at 0°, the mixture then being kept at 20° for 2 hours. The 
steroid was isolated with ether; recrystallization of the product from actone—methanol gave 
the benzoate (135 mg.) as needles, m. p. 165—167°, [a«]i® +81° (c, 0-53) (Found: C, 80-6; H, 
9-55. C,,H,,O, requires C, 80-9; H, 96%). Light absorption: Maxima, 2350, 2800, and 
3135 A; ¢ = 27,700, 820, and 70 respectively. 

78-Benzoyloxy-38-tetrahydro-2’-pyranyloxycholesterol (V).—78-Benzoyloxycholesterol (1-0 g.), 
dissolved in pure 2 : 3-dihydropyran (5 c.c.), was treated with phosphorus oxychloride (2 drops), 
and the mixture was kept at room temperature for 2 hours. The solution was made alkaline 
with methanolic potassium hydroxide, and the product was precipitated by the addition of 
aqueous methanol. The adduct (1-2 g.) had m. p. 163—165°, [a]? +74° (c, 0-59) (Found: C, 
78-95; H, 10-1. C3,H,;,0O, requires C, 79-25; H, 9-9%). On admixture with starting material 
the m. p. was depressed to 109—130°. 

78-Hydroxy-38-tetrahydro-2’-pyranyloxycholesterol—A solution of potassium hydroxide 
(1-5 g.) in methanol was added to a solution of the foregoing benzoate (1-0 g.) in hot methanol 
(30 c.c.) and benzene (7 c.c.), the mixture then being heated under reflux for 4 hours. Water 
was added to the cooled reaction mixture to precipitate the product. The adduct (0-9 g.) had 
m. p. 136—140°, [«}}® +1° (c, 0-78) (Found: C, 78-85; H, 11-0. C,,H;,O, requires C, 78-95; 
H, 11-2%). 

36-Tetrahydro-2’-pyranyloxycholest-5-en-7-one (V1).—(a) From 7-ketocholesterol. Phosphorus 
oxychloride (1 drop) was added to a solution of 7-ketocholesterol (1-0 g.) in pure 2 : 3-dihydro- 
pyran (5 c.c.), the solution being kept at 20° for 1 hour, some of the product then separating as 
needles. Isolation with ether gave the adduct (1-1 g.)as needles, m. p. 159—164°, [a], —90° 
(c 1-53) (Found: C, 79-2; H, 10-8. C,,H;,0, requires C, 79-25; H, 10-8%). Light absorption : 
Maximum, 2380 A, ¢ = 13,500. On admixture with 7-ketocholesterol the m. p. was depressed 
to 135—140°. 

(b) From 78-hydvroxy-38-tetrahydro-2’-pyranyloxycholesterol. A mixture of this compound 
(150 mg.), dry acetone (2-5 c.c.), dry benzene (4 c.c.), and aluminium ¢ert.-butoxide (0-9 c.c. of 
a 25% solution in toluene) was heated under reflux with the exclusion of moisture for 6 hours. 
The solid product obtained by isolation with ether was recrystallized from ethanol, to give the 
adduct (71 mg.), m. p. and mixed m. p. 159—163°. 

Hydrolysis of 38-Tetrvahydro-2’-pyranyloxycholest-5-en-7-one.—(a) A solution of this com- 
pound (100 mg.) in ethanol (15 c.c.) containing hydrochloric acid (0-25%) was heated under 
reflux for 4 minutes. Addition of water and cooling gave cholesta-3 : 5-dien-7-one (65 mg.) as 
flat needles, m. p. and mixed m. p. 110—113°. 

(6) A solution of the adduct (50 mg.) in ethanol (5 c.c.) containing hydrochloric acid (0-08%) 
was kept at 20° for 68 hours. Addition of water gave nearly pure 7-ketocholesterol, m. p. 164— 
165°, undepressed on admixture with an authentic sample. 

Formation and Oppenauer Oxidation of Ta-Tetrahydro-2’-pyranyloxycholesterol (VII).— 
Phosphorus oxychloride (2 drops) was added to a solution of 7«-hydroxycholesteryl acetate 
(200 mg.) in pure 2: 3-dihydropyran (5c.c.). After 2 hours at 20° the solution was made alkaline 
with methanolic potassium hydroxide and the steroid isolated with ether. The resultant gum, 
dissolved in methanol (12 c.c.), was heated under reflux with potassium hydroxide (0-3 g.), 
dissolved in methanol (2 c.c.) and water (1 c.c.), for 45 minutes. Isolation with ether, and 
recrystallization from aqueous methanol gave 7a-tetrahydro-2’-pyranyloxycholesterol (145 mg.) 
as flat needles, m. p. 137—140°, depressed to 125-—139° on admixture with 7«-hydroxycholesterol. 
This sterol (140 mg.) was oxidized with the same quantities of reagents as described above for 
78-hydroxy-3$-tetrahydro-2’-pyranyloxycholesterol. The resultant product, which exhibited 
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a single absorption maximum at 2440 A, was chromatographed on alumina (10 g.), which had 
been previously neutralized with aqueous acetic acid (0-5 c.c. of a 10% solution). Development 
with light petroleum (b. p. 40—60°)—benzene (1: 1) gave a ketonic product (65 mg.) as a gum, 
and further development with benzene afforded unchanged starting material (63 mg.). The 
ketonic product (65 mg.) was kept in ethanol (5 c.c.) containing hydrochloric acid (0-08%) at 
20° for 64 days. After the addition of sodium hydrogen carbonate solution, the steroid was 
isolated with ether. The product, which displayed a single light absorption maximum at 
2835 A, was recrystallized from ether—-methanol, to give cholesta-4 : 6-dien-3-one as plates, 
m. p. and mixed m. p. 81—83°. 

Oppenauer Oxidation of 7a-Hydroxycholesterol.—A mixtute of the diol (200 mg.), aluminium 
tert.-butoxide (400 mg.), acetone (5 c.c.), and benzene (10 c.c.) was heated under reflux for 4 hours. 
Isolation by the usual procedure gave a gum, which exhibited a single light absorption maximum 
at 2850 A, with an intensity corresponding to the presence of 75% of cholesta-4 : 6-dien-3-one. 
Conversion into the 2: 4-dinitrophenylhydrazone gave the derivative of cholesta-4 : 6-dien-3- 
one as dark red plates (from benzene-ethanol), m. p. 233—234°. Light absorption (in chloro- 
form) : Maximum, 4050 A, « = 39,000. 

Similar oxidations of 78-acetoxy- and 7a-and 78-benzoyloxy-cholesterol also afforded cholesta- 
4 : 6-dien-3-one as the major product (determined spectroscopically), confirmed by preparation 
of its characteristic 2 : 4-dinitrophenylhydrazone. 

“* 3: 7-Diketocholestene.’”"—The following Table lists the physical constants recorded for this 
compound and certain derived substances. The compounds were prepared by the methods 
given by Barnett, Ryman, and Smith (loc. cit.) except for modifications described later. Light 
absorption of this compound in ethanol containing a little potassium hydroxide : Maximum, 
(3925 A, ¢ = 62,200 (Barnett e¢ al. give: Maximum, 3900 A.c = 35,500). 


M. p- lalp Anes ’ A Emax 
7-Ketocholesterol ‘ (1)+ 160—161° 
171 


(2) 


5 : 6-Dibromo-7-ketocholesterol 124—125 —65° 
129—129-é — 15° (c, 0-65) -- - 

3 : 7-Diketocholestene 185—186 — 53° 3220 13,500 * 
184—185 — 49° (c, 1-51) 3200 24,300 


—113° (c, 2-18) 2370 13,400 
3345 50 


( 
3-Methoxycholesta-3 : 5-dien-7-one ... 136—137 — 3100 * 13,800 * 
‘ 120—121 — 323° (c, 1-38) 3080 27,600 
3-Acetoxycholesta-3 : 5-dien-7-one 106-—108 — 2840 15,200 * 
y 115—118 — 185° (c, 0-74) 2825 22,500 
32° 


Cholesta-4 : 6-dien-3-one 80—81 2850 26,600 
Cholesta-3 : 5-dien-7-one p 113—114 — 300° (c, 2-02) 2770 24,400 
(1) Barnett, Ryman, and Smith (/oc. cit.). (2) This paper. 
* Estimated from graphs. 
+ Bergstrom and Wintersteiner (J. Biol. Chem., 1941, 141, 597) give m. p. 170—172°, [a]p — 104°. 


7-Ketocholesterol.—The following procedure gave a purer product and reduced the volume of 
the reaction solution to a more convenient amount. A solution of potassium carbonate (9-6 g.) 
in water (100 c.c.) was added to a solution of 7-ketocholesteryl acetate (30 g.) in ethanol (1-4 1.) 
and dioxan (300 c.c.), the mixture being shaken for 24 hours. After dilution with water, the 
steroid was isolated with ether. Recrystallization of the product from benzene-light petroleum 
(b. p. 30—40°) gave the sterol as needles (20-1 g., 70%) with the above physical constants. 

3-Methoxycholesta-3 : 5-dien-7-one (IXa; R = Me).—The yield of this compound was raised 
to 50% by the use of dry methanol (Found: C, 81-75; H, 11-0. Calc. for C,,H,,O,: C, 81-5; 
H, 10-75%). Treatment of the “ 3: 7-diketocholestene ’’ with excess of diazomethane in 
ether—methanol at 20° for 1 hour gave only a 25% yield of the methyl ether, much of the original 
compound being recovered. 

3-A cetoxycholesta-3 : 5-dien-7-one (IXa; R = Ac).—A solution of 3: 7-diketocholestene 
(200 mg.) in pyridine (4 c.c.) and acetic anhydride (2 c.c.) was kept at 20° overnight in an 
atmosphere of nitrogen. The cooled reaction mixture after dilution with ether at —20° was 
washed twice with ice-cold dilute hydrochloric acid and then with iced water. The dried 
(Na,SO,) extract was evaporated under reduced pressure and the residue dissolved in methanol. 
Cooling then yielded an amorphous solid (104 mg.), m. p. 110—116°. Chromatographic purific- 
ation of this material on neutralized alumina (cf. succeeding experiment) gave the enol acetate 


(80 mg.) as an amorphous solid from methanol (Found: C, 78-75; H, 10-0. C,,H,,O, requires 
C, 79-05; H, 10-05%). 
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Reduction of 3-Methoxycholesta-3 : 5-dien-7-one.—A solution of lithium aluminium hydride 
(0-027 g.) in tetrahydrofuran (3 c.c.) was added to the methyl ether (200 mg.) dissolved in tetra- 
hydrofuran (5 c.c.) at 20°. The opalescent solution was stirred for 2 hours at 20° and, after 
cooling to 0° and addition of an aqueous solution of tartaric acid, the steroid was isolated with 
ether. The product was dissolved in light petroleum (b. p. 40—60°) and introduced on to 
alumina (20 g.; neutralized with 1 c.c. of 10% acetic acid). Development of the chromatogram 
with benzene-—light petroleum (b. p. 40—60°) (2 : 3) gave a product (160 mg.) from which cholesta- 
4: 6-dien-3-one (110 mg., 60%), having the above physical constants, was obtained by 
crystallization from methanol-acetone. 

Lithium aluminium hydride reduction of ‘‘ 3 : 7-diketocholestene ’’ was carried out (a) with 
an excess of reducing agent in boiling ether for 3 hours, giving a non-ketonic gum with an 
absorption maximum at 2400 A., and (b) with air excess of reducing agent in tetrahydrofuran 
at 20° for 4 hours, giving a ketonic gum, with absorption maxima at 2380 and 2860 A, from which 
no crystalline material was isolated by chromatography. 


One of the authors (C. W. G.) of this and the following paper thanks the Department of 
Scientific and Industrial Research for a Maintenance Grant. Microanalyses were carried out by 
Mr. E. S. Morton and Mr. H. Swift. The authors are indebted to Glaxo Laboratories, Ltd., 
for generous gifts of materials. ; 
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446. Studies in the Sterol Group. Part LIV.* The Preparation 
of Some 7«-Methoxy-steroids. 


By C. W. GREENHALGH, H. B. HENBEsT, and E. R. H. JONEs. 


7a-Bromo-steroids, prepared from methyl 38-acetoxychol-5-enate and 
methyl 38-acetoxyeti-5-enate with N-bromosuccinimide, have been converted 
into 7a-methoxy-compounds by means of silver nitrate in methanol. Replace- 
ment of the methoxyl group by acetoxyl occurs very readily in warm acetic 
acid, and thus an attempted preparation of 7x-methoxydesoxycorticosterone 
terminated at the stage, 7x : 21-diacetoxypregnenolone (VIII). 


As a continuation of the work described in the preceding paper towards the preparation of 
7-oxygenated analogues of cortisone, a preliminary study has been made of possible ways 
of obtaining 7-methoxy-derivatives of deoxycorticosterone and related compounds. 
Previous studies by Henbest and Jones (J., 1948, 1798) had shown that 7«-methoxychole- 
sterol could be prepared from 7«-bromocholesteryl acetate, and that it could be oxidized 
by the Oppenauer method to 7«-methoxycholest-4-en-3-one, containing the physiologically 
important 3-keto-A‘-grouping. 
Methyl 3-acetoxyeti-5-enate (I) and N-bromosuccinimide reacted readily in carbon 
tetrachloride, to give a 7-bromo-compound (not isolated) which with silver nitrate in 
CO,Me COR’ COR’ 
| --H 


| se 
| NIA\ \A 
Ae oo a es 
\A \) 
‘& 
yO. ©, 


AcO ‘ RO’ > J's» “..OMe RO i ‘OR”’ 


(1) (II; R= Ac, R’=Me) (VI; R = Ac, R’ = CHN,g, R” = Me) 

(III; R =H, R’ =Me) (VII; R =H, R’ = CHN,, R” = Me) 
(IV; R = R’ = H) (VIII; R =H, R’ = CH,°OAc, R” = Ac) 

(V; R = Ac, R’ = H) (IX; R = R” = Ac, R’ = CH,°OAc) 
methanol afforded the 7«-methoxy-compound (II) in 25% overall yield. Attempted 
hydrolysis of this compound [to yield the hydroxy-acid (IV)] by the method employed by 
von Euw and Reichstein (Helv. Chim. Acta, 1946, 29, 1913) for a methyl 11-ketoeti-5- 


* Part LIII, preceding paper. 
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enate (warm 10% methanolic potassium hydroxide) gave an acid of low and variable 
melting point in moderate yield. Decreasing the alkali concentration to 5% resulted in 
only partial hydrolysis, the hydroxy-ester (III) being isolated in good yield. Addition of 
water to the hydrolysis medium, however, enabled complete hydrolysis to be achieved at 
room temperature. 

Acetylation of the resultant hydroxy-acid (IV) with acetic anhydride and pyridine gave 
a product containing some neutral material, probably a mixed anhydride with acetic acid, 
which was separated from the required acetoxy-acid (V) by conversion of the latter into its 
sodium salt. A sample of this salt on acidification yielded the acid (V), which on treatment 
with diazomethane gave the original acetoxy-ester (II). 

The remainder of the synthesis involving the elaboration of the ketol side-chain was 
carried out as described by Wilds and Shunk (J. Amer. Chem. Soc., 1948, 70, 2427). The 
above sodium salt was treated with oxalyl chloride to give the acid chloride, which with 
diazomethane afforded the crystalline diazo-ketone (VI). Alkaline hydrolysis gave the 
corresponding 38-hydroxy-steroid, which was treated with hot acetic acid in order to con- 
vert the diazo-ketone into the ketol-acetate side-chain. The major product of this last 
reaction (obtained crystalline in nearly 30% yield from the sodium salt) was found to 
contain no methoxyl group, and could not therefore be the expected 21-acetoxy-38-hydroxy- 
20-keto-7a-methoxypregn-5-ene. Its large levorotation suggested the presence of a 
7a-substituent. Analytical data agreed with those for a 7a : 2l-diacetoxypregnenolone 
(VIII), and further acetylation gave a compound which analysed correctly for the tri- 
acetoxy-steroid (LX). 

Replacement of a 7a-methoxyl by an acetoxy] group had previously been carried out by 
means of acetic acid containing sulphuric acid (Henbest and Jones, Joc. cit.). When 7a- 
methoxycholesterol was subjected to the hot acetic acid treatment used above for formation 
of (VIII), a product was obtained which on alkaline hydrolysis gave the known 7«-hydroxy- 
cholesterol in 50° yield. This experiment thus provided confirmation of the replacement 
of the methoxyl by an acetoxyl group under these relatively mild conditions. 

It had been hoped to convert the expected 7a-methoxypregnenolone into 7a-methoxyde- 
oxycorticosterone acetate by mild Oppenauer oxidation. It was not feasible to attempt a 
similar oxidation with (VIII) in order to obtain the corresponding 7a-acetoxy-compound, 
because it had been found previously that 7«-acetoxycholesterol gave cholesta-4 : 6- 
dien-3-one as the only detectable product (cf. preceding paper). 

The preparation of the 7a-methoxy-derivative of methyl 38-acetoxychol-5-enate is 
described in the Experimental section. 


EXPERIMENTAL 

Methyl 38-Acetoxy-7a-methoxychol-5-enate.—Finely powdered N-bromosuccinimide (1-6 g.) 
was added to methyl 38-acetoxychol-5-enate (3-21 g.; m.p. 156—157°, [«],, —43°) dissolved in 
carbon tetrachloride (25 c.c.), the suspension being heated under reflux with vigorous mechanical 
stirring. An exothermic reaction began after 5 minutes, and after a further 2 minutes’ heating 
the yellow reaction mixture was cooled and the succinimide (0-9 g.) removed by filtration. 
Evaporation of the filtrate under reduced pressure gave the bromo-compound as a gum, which 
was dissolved in methanol (50 c.c.) and ether (15 c.c.) and then treated with silver nitrate (1-5 g.) 
in water (10 c.c.) at 20°. Silver bromide was precipitated immediately, and after 15 minutes the 
steroid was isolated with ether. Crystallization from methanol first yielded some unchanged 
starting material (0-45 g.; m. p. 140—151°), followed by the methoxy-compound (1-25 g.), m. p. 
105—114°. Further recrystallization of the latter from methanol afforded the pure methoxy- 
steroid as needles, m. p. 129—130°, [a], —127° (c, 0-86) (Found: C, 72-7; H, 9-8; OMe, 13-9. 
C,,H,,O, requires C, 73-0; H, 9-65; OMe, 13-5%). 

3-H ydroxy-7a-methoxychol-5-enic Acid.—The above ester (100 mg.) in methanol (5 c.c.) was 
added to a solution of potassium hydroxide (3-0 g.) in methanol (15 c.c.), the mixture being then 
kept at 20° for 48 hours. Addition of water followed by extraction with ether gave only a 
trace of neutral material. Acidification and ether-extraction gave a product which after 2 
recrystallizations from methanol gave the hydroxy-methoxy-acid (47 mg.) as needles, m. p. 176— 
178°, [a], —120° (c, 0-59) (Found: C, 74:35; H, 10-15; OMe, 7-7. C,;H, O, requires C, 
74:2; H, 9-95; OMe, 7-7%). 





2382 Studies in the Sterol Group. Part LIV. 


Methyl 38-Acetoxy-7-ketochol-5-enate.—A solution of the above acetoxy-methoxy-ester (300 
mg.) in acetic acid (10 c.c.), containing chromic acid (300 mg.), was kept at 20° for 24 hours. 
The steroid was isolated with ether, and the product recrystallized from ethanol and then from 
methanol, to give the ketone (110 mg.) as needles, m. p. 177-5—179° (Haslewood, J., 1938, 224, 
gives m. p. 177—178°). 

Methyl 38-Acetoxy-7a-methoxyeti-5-enate (38-Aceloxy-7x-methoxyandrost-5-ene-178-carboxyl- 
ate) (II).—Finely powdered N-bromosuccinimide (1-42 g.) was added to a solution of methyl 
3f-acetoxyeti-5-enate {2-5 g.; m. p. 155—156°, [a], —5° (c, 1-03)} in carbon tetrachloride (25 
c.c.), and the suspension heated under reflux with stirring. An exothermic reaction which began 
after 2 minutes rapidly subsided. The cooled reaction mixture was then filtered (0-79 g. 
succinimide) and evaporated under reduced pressure, to give the bromo-compound as a gum. 
Silver nitrate (1-13 g.) in water (8 c.c.) was added to a solution of the bromo-compound in 
methanol (50 c.c.) and ether (25 c.c.). After 20 minutes the steroid was isolated with ether. 
Recrystallization from methanol gave needles (0-92 g.), m. p. 172—177°; further recrystalliza- 
tion from methanol gave the methoxy-steroid, m. p. 179—180°, [a], —116° (c, 0-70) (Found : 
C, 71-1; H, 8-75; OMe, 15-6. C,,H,,0, requires C, 71:25; H, 8-95; OMe, 15-35%). 

Methyl 38-Hydvoxy-7a-methoxyeti-5-enate (38-Hydroxy-7a-methoxyandrost-5-ene-178-carboxyl- 
ate) (III).—Potassium hydroxide (1-0 g.) and the foregoing ester (200 mg.) in methanol (20 c.c.) 
were heated under reflux for 1} hours. The cooled reaction mixture was diluted with water, 
and the steroid isolated with ether. The product (150 mg.), m. p. 169—170-5°, was recrystallized 
from methanol, to give the pure hydroxy-ester as needles, m. p. 172—173°, [a], —12° (c, 0-64) 
(Found: C, 73-05; H, 9-5; OMe, 17-1. C,,H,,O, requires C, 72-9; H, 9-45; OMe, 17-1%). 

3B-A cetoxy-Ta-methoxyeti-5-enic Acid (38-Acetoxy-Ta-methoxyandrost-5-ene-178-carboxylate) 
(V).—A solution of potassium hydroxide (15 g.) in water (25 c.c.) was added to a solution of 
methyl 3$-acetoxy-7«-methoxyeti-5-enate (500 mg.) in methanol (75 c.c.), the solution then 
being kept at 20° for 48 hours. The acidic fractions (450 mg.) on recrystallization from aqueous 
acetone afforded the hydroxy-methoxy-acid (IV) (320 mg.) as needles, m.p. 193—-205°, [a], — 16° 
(c, 1-1). 

This crude hydroxy-acid (0-95 g.) was acetylated with acetic anhydride (8 c.c.) in pyridine 
(13 c.c.) at 20° for 26 hours. The steroid was isolated with ether, and recrystallized from 
aqueous isopropyl alcohol, giving somewhat impure acetate (0-95 g.), m. p. 193—196°. For 
purification, it was treated in ethanol (125 c.c.) with N/20-sodium hydroxide until neutral to 
phenolphthalein. Evaporation under reduced pressure gave the sodium salt, which was washed 
with ether and dried. The ethereal washings on evaporation yielded a solid (0-2 g.), m. p. 110— 
115°—possibly a mixed anhydride with acetic acid—which could be hydrolysed to the original 
hydroxy-methoxy-acid. A sample of the above sodium salt in ethanol was treated with 
aqueous hydrochloric acid. The acetoxy-methoxy-acid obtained had m. p. 202—207° and [a«]p 
— 126° (c, 0-46) (Found: C, 70-75; H, 9-05; OMe, 7-7. C,,;H,,0,; requires C, 70-75; H, 8-8; 
OMe, 7:95%). Treatment with ethereal diazomethane gave the acetoxy-methoxy-ester, m. p. 
179—180°, in good yield. 

7a: 21-Diacetoxy-38-hydroxypregn-5-en-20-one (VIII).—A suspension of the foregoing sodium 
salt (0-45 g.; dried at 100°/10-5 mm.) in dry benzene (10 c.c.) containing pyridine (3 drops) was 
cooled to 0° and then treated with oxalyl chloride (4 c.c.). When the evolution of gas had 
ceased, the mixture was kept at 15° for 5 minutes. Evaporation under reduced pressure gave a 
solid, which was treated with benzene (3 x 3c.c.), each portion being successively removed under 
reduced pressure. The residue was treated with benzene (5 c.c.), and the suspension filtered 
through a dry sintered-glass funnel into a cooled (0°) receiver. This solution was added during 
10 minutes to a stirred ethereal solution of excess of diazomethane at —15° (dry nitrogen 
atmosphere). The mixture was stirred for 1 hour at —15° and then for 30 minutes at 0°. 
Evaporation of the solvent under reduced pressure gave the diazo-ketone (VI) as a gum which 
crystallized on contact with methanol as needles (0-40 g.), m. p. 150—152° (decomp.). For 
hydrolysis of the 3-acetoxy-group, the diazo-ketone (0-40 g.), dissolved in methanol (40 c.c.) and 
ether (3 c.c.), was treated with methanol (6 c.c.) containing potassium hydroxide (0-6 g.) and the 
mixture kept at 20° for 5 hours. Isolation with ether gave the hydroxy-methoxy-diazoketone as 
a gum (0-38 g.), which was dissolved in dry ether (3 c.c.) and added dropwise during 2 minutes 
to boiling AnalaR acetic acid (25 c.c.). After 3 minutes’ boiling the mixture was evaporated 
under reduced pressure (below 50°) to give a pale yellow gum, which was dissolved in benzene 
and chromatographed on alumina (40 g.; neutralized and deactivated with 2 c.c. of 10% acetic 
acid in water). Development with benzene-ether (5: 1) yielded a gum (310 mg.) which crystal- 
lized on contact with ether. Recrystallization from ether-light petroleum (b. p. 40—60°) gave 
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the diacetoxy-ketone (130 mg., 28% from the sodium salt), m. p. 173—176°. Two recrystal- 
lizations gave the pure compound, m. p. 182-5—183°, [a], —133° (c, 0-44) (Found: C, 69-65, 
69-0; H, 8-75, 8-55; OMe, nil. C,,H,,O, requires C, 69-4; H, 8-4%). Acetylation of this 
compound with acetic anhydride and pyridine at 20° gave 38 : 7a : 2l-triacetoxypregn-5-en-20- 
one (IX), crystallizing from methanol as needles, m. p. 197-5—198°, [«],, — 139° (c, 0-42) (Found : 
C, 68-5; H, 8-25. C,,H,,0, requires C, 68-3; H, 8-05%). 

7a-Hydroxycholesterol from Ta-Methoxycholesterol.—A solution of 7a-methoxycholesterol (150 
mg.) in dry ether (3 c.c.) was added rapidly to boiling AnalaR acetic acid (15 c.c.), the solution 
then being boiled for a further 2 minutes. Evaporation of the solution under reduced pressure 
gave a gum which was dissolved in light petroleum (b. p. 40—60°) and introduced on toa column 
of alumina (15 g.). Development of the chromatogram with benzene-ether (9: 1) gave several 
fractions as gums (total, 125 mg.). The combined fractions were hydrolysed with methanolic 
potassium hydroxide, the cooled solution giving needles, m. p. 172—178°. Recrystallization 
from methanol gave pure 7a-hydroxycholesterol (70 mg., 50%), m. p. and mixed m. p. 184—185°. 


The authors are indebted to Dr. K. Miescher, Ciba Laboratories, Basle, and Dr. C. L. Hewett, 
Organon Laboratories Ltd., for generous gifts of cholenic acid and etienic acid respectively. 
Microanalyses were carried out by Mr. E. S. Morton and Mr. H. Swift. 
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447. Force Constants in Polyatomic Molecules. 
By W. J. ORVILLE THOMAs. 


General solutions have been obtained for the force constants occurring in 
the potential functions governing the stretching vibrations of the linear 
triatomic grouping in the molecules HNCO, HNCS, HN;, and CH,°CN. 
Reasonable sets of force constants are chosen for these molecules, reference 
molecules whose force constants are known explicitly being used in con- 
junction with Gordy’s relationships. 


THE nature of chemical bonds and the modification of a particular bond in different 
environments have been the subject of many investigations. The aim has been to obtain 
some attribute such as dipole moment or bond energy which represents a partial description 
of the bond. In this respect force constants are of great value in the study of molecular 
structure and especially of hybrid linkages. Their particular disadvantage has been the 
difficulty of obtaining reasonably precise values in cases where isotopic frequencies are 
unknown. Formerly, the customary practice was to derive relations between the 
vibration frequencies, on one hand, and the molecular parameters and force constants, on 
the other [Herzberg, ‘“‘ Molecular Spectra and Molecular Structure,’’ Vol. II (D. Van 
Nostrand Company Inc., New York, 1945); Wu, “‘ Vibrational Spectra and Structure of 
Polyatomic Molecules ’’ (Edwards Bros. Inc., Ann Arbor, Michigan, 1946); equations 
(7), (8), this paper]. Provided the potential function contained fewer force constants than 
the number of known fundamental frequencies of the molecule, or where a sufficient number 
of isotopic frequencies were known, assignment of the frequencies to definite modes of 
vibration enabled the force constants to be determined. In the majority of cases an 
explicit solution is not possible, and the number of unknown force constants has been 
reduced by (i) the transfer of values found in related molecules, or (ii) limiting the number 
of interaction terms in the potential function to those deemed to be the most important. 
Both these procedures are somewhat arbitrary and open to criticism. The absolute 
value of a force constant depends on the environment of the bond or group considered. 
This varies even in closely related molecules; for instance, Linnett (J. Chem. Physics, 
1940, 8, 91) has shown that the stretching force constant of the CH bond, fox, increases by 
6° on passing from methy] fluoride to the iodide. In general, even the relative magnitudes 
of interaction constants are unknown and the neglect of some such terms as compared with 
others retained is, in most cases, entirely arbitrary. The usual frequency force-constant 
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relations [equations (7) and (8)] contain terms of the form AF; A is a function of the 
masses and geometry of the molecule and F contains the interaction constants. Even if F 
is small, the product AF may not be negligible; it is necessary, then, when omitting 
interaction terms from potential functions to justify the neglect of the product AF relative 
to those others, A’F’, which are retained. 

It is more usual now to include all possible cross-terms in the potential function and to 
obtain ranges of solution for the force constants (Glockler and Tung, J. Chem. Physics, 
1945, 13, 388; Torkington, ibid., 1949, 17, 357; Proc. Phys. Soc., 1950, A, 63, 804; 1951, 
A, 64, 32; Thomas, J. Chem. Physics, 1951, 19, 1162). This approach was introduced by 
Duchesne (Mem. Soc. roy. Sct. Liége, 1943, 1, 429). The range of solutions for the force 
constants can be conveniently plotted as a function of a parameter # (Torkington, loc. cit.; 
Thomas, Joc. cit.). From these /-p curves a particular set of force constants can be chosen 
by reference to one of the bond-lengths used in conjunction with a reference molecule 
(whose force constants are known explicitly) and, say, Gordy’s relationships (J. Chem. 
Physics, 1946, 14, 305; 1947, 15, 305). This procedure has led to satisfactory sets of force 
constants for the molecules CICN, BrCN, ICN, and OCS (Thomas, loc. cit.). 

The Solution for the Force Constants —The notable advances in the solution of secular 
equations recently made by Torkington (ibid., 1949, 17, 357, 1026) have made available 
a powerful technique for obtaining ranges of solutions for the force constants. For an 
n-atomic molecule, 3 Cartesian displacement co-ordinates (x;) are needed to describe its 
configuration at any instant. In terms of these, the kinetic energy is 

i=in 
2T = > mx? 
i=l 
where m; is the mass associated with x;. It is more convenient to express the potential- 
energy function in terms of internal co-ordinates (A,;) such as changes in bond-lengths, Ar, 
or bond angles, Az. 

The internal co-ordinates, A;, may be expressed in terms of the Cartesians (Torkington, 

Trans. Faraday Soc., 1950, 46, 27) by linear relations : 
i=in 
Ay = © ui %; 
i=l 
where N = 3x — 6 represents the number of vibrational degrees of freedom of the 
molecule. Following Torkington’s procedure, if a matrix [A] is defined by the elements 
i=3n 


Au = Agu = > ki a; M /m; (k,l oe ee N ’) P o> ‘ . (1) 


i=1 
then the secular may be written in matrix form as 
Peewee . S « ss «2 + ee 


In equation (1), m; is the mass associated with a,;; and a,;; M is some arbitrary mass 
introduced so that Ay shall be dimensionless. In equation (2), J is the unit matrix 
and 4 = 4n%e*?v2M, v being a vibration frequency in cm."! and e the velocity of light in 
cm. sec.1; dis the force constant matrix, whose elements, d;,, occur in the general quadratic 
potential function, 
N N 
fe ee oS Se, 
i=mlj=1 
Solution of the secular equation gives the values of the roots A, to Ay in terms of 
d;, and the elements of [A]. Since in general the force constants, dj, are unknown, the 
process is reversed in practice and force constants are calculated from the experimentally 
determined vibration frequencies. 
Using certain assumptions, Torkington has achieved a general solution for the secular 
equation in terms of the force constants. The solution is 
k=N 


dij a (€ix Cie /Ckk Nix) % (t >) 
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in which the subsidiary matrices [e] and [h] have elements defined as follows : 


ey = 4|Alj, (= 0 for i > 7) 
ee 


hi, = E An éxj (= 0 fort <7) 
=1 

5|A|j;, is a first minor of element 71, with correct sign, of the jth order determinant /|A| 
derived from the first 7 rows and columns of [A]. 

The linear triatomic molecule X YZ (Fig. 1) has two parallel stretching vibrations, v, 
and v,.. The higher fundamental frequency, v,, can be considered as arising from a pseudo- 
antisymmetric mode of vibration; the other, v,, from a pseudo-symmetric mode.* These 
stretching vibrations of the XYZ group can be described by the co-ordinates (Thomas, 
loc. cit.) 

A, = Ar, — pAr, for v, 


and A, = Ar, + pAr, for v, 


Here # is a variable parameter which takes account of the fact that, although v, is mainly 
associated with changes in 7,, yet 7, is also affected to some extent; A, and A, are valence- 
force symmetry co-ordinates for the vibrations v, and v, for all values of p. 


Fic. 2. Variation of the force constants, f, with p 


Fic. 1. The stretching vibrations of thi 
linear triatomic molecule XYZ. 


f-H-NCO 
f~ CHsCN 














-4 


The vibrations v, and v, have been shown (Thomas, loc. cit.) to be either (i) one pseudo- 
antisymmetric and the other pseudo-symmetric, or (ii) both pseudo-antisymmetric, the 
first possibility being the more probable. If, is taken to be the bond primarily associated 
with the higher pseudo-antisymmetric frequency, then, with 0< p< 1, the physically 
plausible range of force constant values is obtained; the matrices for this system have 
been derived (Thomas, loc. cit.) and will not be repeated here. 

In terms of the valence-force symmetry co-ordinates the potential function for the 
system is 

2V = d,,A,* + dgghg? + 24,,4,4, . . . «. « . (4) 
The valence-force potential function may be written as 

2V = f,Ar,* + fydra? + Briehr,4rg - - « se (5) 
Comparison of (4) and (5) leads to the relations 


fi a dy, a P?doo + 2 pdy, } 

Se = dog + p7dy, — 2 paso - dione! Ad kasi 

Siz = P(de2 — dy,) + (1 — p*)dy, 
By varying the value of p within the range 0< p <1 different sets of values for the 
valence-force constants, f, are obtained. Curves of f against # may then be drawn, and the 
most reasonable set of constants chosen. These curves indicate the arbitrariness of many 


* The higher frequency need not necessarily be related to the pseudo-antisymmetric vibration (see 
Bernstein and Powling, J. Chem. Physics, 1950, 18, 685) and p. 2388. 
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former force-constant treatments, even for simple molecules, in the absence of isotopic 
frequencies. 

The possible solutions for the force constants are given in Table 2, and typical f—p 
curves in Fig. 2. 

Bond Lengths and Frequency Assignment.—The molecules dealt with in this paper are 
CH,°CN, HNCO, HNCS, and HN,;. The motions of the hydrogen atoms, especially the 
stretching modes, are not coupled to any great extent with those of the rest of the molecule. 
To a good approximation the methyl group in CH,°CN and the NH groups in the other 
molecules can be considered as rigid groups; i.e., the molecules are considered as three- 
particle systems. The three heavy atoms in these molecules are collinear (Herzberg and 
Reid, Discuss. Faraday Soc., 1950, 9, 92; Beard and Dailey, J. Chem. Physics, 1950, 18, 
1437; Amble and Dailey, ibid., p. 1422). 

The bond lengths and frequency assignments ate given in Table 1, together with those 
of certain reference molecules, whose force constants are beyond question. 

In the HNCS molecule Reid (J. Chem. Physics, 1950, 18, 1512) assigned a value of 
1963 cm."! to v, and one of 995 cm. to v,, the pseudo-symmetric stretching vibration. 
These frequencies give a lower limit of 8-55 x 105 dynes/cm. for the bond-stretching force 


TABLE 1. 
Bond Bond stretching Force constant 
Molecule Bond length, A frequency, cm. < 10-5, dynes/cm. 
CS, : 7-5 
OCS > 16 2064 ¢ 15-6 
°S 859 7 
HNCS 2N “2 1963 
. “Hf 860 
HCN “O5S 3312-94 
) “he 2089-0 
H,C-CN ‘N “15! 2267 4 
AC 46 919-1 


f a 


co, ; 16: 
HNCO : 2274! 


7 1327 

ON,N; N.N; 126 2223-5 * 

HN,N,N; N,N “li 2140-4! 7 
it viN 1269-0 


Dailey, loc. cit. * Gordy, Rev. Mod. Phys., 1948, 20, 668. ¢* Kessler, Ring, Trambarulo, and Gordy, 
Physical Rev., 1950, 79, 54. 4 Herzberg and Reid, loc. cit. 9% Coles, Elyasch, and Gorman, Physical 
Rev., 1947, 72, 973. *® Amble and Dailey, loc. cit. * Callomon, McKean, and Thompson, Proc. Roy. 
Soc., 1951, A, 208, 341. 2 Venkateswarlu, /. Chem. Physics, 1951, 19, 293. * Plyler and Barker, 
Physical Rev., 1931, 38, 1827. !' Davies, Trans. Faraday Soc., 1939, 35, 1184; Eyster and Gillette, 
J. Chem. Physics, 1940, 8, 369. ™ Coulson, Duchesne, and Manneback, ‘‘ Contribution a l'étude de 
la structure moleculaire,”’ Liége, 1948, p. 33. ™ Richardson and Wilson, J. Chem. Physics, 1950, 18, 
694. 


constant, fos, of the CS link. This value for fos is appreciably greater than that found in 
CS, even though the CS bond length is shorter in CS, than in HNCS (see Table 1). This 
may be taken as an indication that Reid’s assignment of v, = 995 cm." is incorrect, and 
furthermore that this value is too high. . 

If the NH group in isothiocyanic acid is considered as a single particle, HNCS and OCS 
are isosteric. They are also isoelectronic. On simple grounds, then, it is to be expected 
that the frequencies v, and v, in these molecules should lie close together in value. This is 
true for Reid’s v;. From the values quoted in Table 1, a value of ~860 cm. is to be 
expected for vy. 

It is possible to get an estimate of v, as follows. Gordy’s relationships (/oc. cit.) connecting 
bond order, N, bond length, 7, and force constant, f, for a link AB are 


N=a/r=+b ee as ar ee ge en ae 

f= 1-67N (x,4Xp/r?)? + 0°30. cet. ae th dr — ee B (ii) 
where a and 6 are constants for a specific bond, r is in Angstrém units, and f in units of 
10° dynes/cm. 
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From Table 1 and equation (i) the ratio of the bond orders for the CN links in HNCO 
and HNCS is 
N (HNCO): N (HNCS) = 1: 0-991 
and in CS, and HNCS, for the CS links, 
N (CS,) : N (HNCS) = 1 : 0-957 
Gordy’s equation (ii) gives Nox (HNCO) = 2-37, when the value of foy = 13-98 x 10° 
dynes/cm. derived in this paper is used. With the ratio derived above this gives a value 
of Ney = 2-35 in H«NCS which yields a force constant value of foy = 13-80 x 10° dynes/cm. 
on substitution in relation (ii). Similarly, a value of 6-80 x 10° dynes/cm. is obtained 
for fos in H-NCS. 
The determinantal secular equation corresponding to the two parallel vibrations of a 
linear three-particle system yields the equations (Wu, Joc. cit., p. 154) 
Me Ms f 
MyM, 
m, + Mm, + mM. ’ 
a x = 1 2 3 _— o 
oe M,MMz (fi te — fie”) 
On substitution of the values given above for fo (/,) and fos (/,) and the known value for 
4, solution of these two simultaneous equations in A, and fj, (Avon Aros) yields the values 


vg = 846 cm.! and f;, = 0-98 x 10° dynes/cm. 


These values may be compared with those given in Table 3 for the related molecules CS, 
and OCS. The agreement is excellent. On simple grounds, since ros (OCS) > ros (HNCS), 
it might be expected that v, (OCS) < v, (HNCS), the difference, however, being small. 





TABLE 2. 
Value of p 
one ee 





Ee: | 


Molecule Force constant 0-00 0-25 0-50 0-75 1-00 
HNCO ; 24°: 20-63 17-89 16-09 14-78 
10-78 11-92 13-31 14-50 
3-23 1-94 1-56 1-44 
14-11 11-88 10-28 9-13 
6-95 8-13 9-42 10-64 
1-23 0-04 —0-51 0-71 
18-30 15-99 14-30 13-09 
9-85 12-28 13-41 
2.29 “Li 0-63 0-51 
16-89 “8: 11-54 9-97 
5-51 , 8°65 10-12 
—0-53 —2- 2-67 — 2-82 
15-76 3- 11-30 9-96 
7-16 -56 9-97 11-36 
1-05 “35 —0-93 —1-15 


bo 


to 


SSSR SHS 


_ 
or 
a3 St Go IS & te bo Or ~ 


—SOouftoet 


Simple considerations suggest that, relatively to v,, v. would be strong in the Raman 
spectrum and comparatively weak in the infra-red. Goubeau and Gott’s results for 
HNCS (Ber., 1940, 73, 127) show the presence of a strong band at 848 cm. which has been 
allocated to v9. 

The infra-red spectrum of HNCS shows the presence of parallel bands centred at 
841 cm.! and 860 cm. (Reid, private communication). The indications are, then, that v, 
is the parallel band at 860 cm."}, this value being greater than v,in OCS. This fundamental 
frequency is found in the Raman spectrum at 848 cm." in carbon tetrachloride solution 
owing to a solvent effect. It might be objected that the band found at 860 cm.~! has too 
low an intensity for a fundamental. For HNCS the ratio of the intensities of v, and v, 
is ~50:1; for the corresponding vibrations in HNCO (Herzberg and Reid, loc. cit.) the 
ratio is 200:1. It seems, then, that the 860 cm.-! band cannot be ruled out on 
considerations of intensity alone. ; 

An Empirical Method of determining Force Constants.—The f-p curves of Fig. 2 represent 
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an infinite number of sets of force constants. In order to arrive at the most reasonable set 
of force constants, use may be made of Gordy’s equations (loc. cit.) in conjunction with 
reference molecules. From the bond lengths given in Table 1 and relation (i), the ratio 
of the bond orders for the CO bonds in HNCO and CO, is 1: 1-026. Relation (ii) gives 
N = 2-24 for CO, on substitution of the known value for the force constant 
(15-5 x 105 dynes/cm.; Herzberg, Joc. ctt.). From the known ratio we obtain a value 
Neco = 2-18 for the CO bond in HNCO. This value of the bond order yields a force constant 
value of foo = 15-00 x 10° dynes/cm. on substitution in relation (ii). This value for foo 
being used, the corresponding values for foy and f,, are obtained from the f/-/ curves for 
HNCO. The set of force constants thus obtained is given in Table 3. 

Similarly, sets of force constants are obtained for HNCS, HN,, and CH,°CN; OCS, 
NNO, and HCN, respectively, being used as reference molecules. 

The spectrum of OCS has recently been reinvestigated (Callomon, McKean, and 
Thompson, Joc. cit.). On using their values for the stretching frequencies and CO, as 
reference molecule, the force constants given in the lower part of Table 3 are obtained. 
Comparison with the force constants obtained explicitly by using isotopic frequencies 
(idem, ibid.) shows that in the case of OCS, the force constants derived empirically in this 
paper have an overall accuracy of 2%. 


TABLE 3. 

Reference Force f x 16°, Reference Force f x 105, 

Molecule molecule constant dynes/cm Molecule molecule constant dynes/cm. 
co, f 5 HNCO co, foo 
fox 


— 


ou 


HNCS OCS 


ee eS 
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HN,N,N,  ON,N, 


_-— 
owoeO-+! 
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CH,°CN H-CN 
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Discussion.—The f-p curves of Fig. 2 clearly indicate the most physically plausible 
range of values for the force constants. The fact that the solutions obtained are reasonable 
implies that the initial assumption regarding the geometrical form of the parallel vibrations 
is sound; viz., v,, the higher frequency, is pseudo-antisymmetric in character, and v, 
pseudo-symmetric. The values obtained for the stretching force constants (Table 3) are 
very reasonable. They fall sensibly into line with the values obtained for similar bonds 
in related molecules, in those cases where complete quadratic potential functions have 
been used. The force constants obtained for the CN links in HNCO and in HNCS indicate 
appreciable double-bond character; in CH,°CN the indications are that the CN bond is 
almost a pure triple bond. This view is supported by the normal single-bond value for foc 
and the small value obtained for /,,, which indicates little interaction between the bonds. 

There has been considerable discussion about the valency of the nitrogen atoms in 
compounds such as HN, (Samuel, J. Chem. Physics, 1944, 12, 167, 180, 380, 521; 1945, 13, 
251, 572; Wheland, 1bid., p. 239). With Gordy’s equation (ii) the force-constant values 
given in Table 3 yield bond orders of 2-40 and 1-61 for the bonds N,N, and N,N, 
respectively. The total bonding power of the central nitrogen atom is then ~4. 

The greatest interest of this work lies in the values obtained for, and the sign of, the 
length-length interaction constant, f,,. It is now becoming clear that, for linear triatomic 
groupings whose elements occur in the first and the second short period (excluding 
hydrogen), f;2 has quite an appreciable positive value centred about 1 x 105 dynes/cm. 
Linnett and Hoare (Trans. Faraday Soc., 1949, 45, 844) have given an explanation of the 
sign of f,. in triatomic molecules XYZ. Their ideas are here applied to the linear groupings 
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of the molecules considered. Linnett and Hoare compared the changes in bond length in 
going from XYZ to the diatomic molecules XY and YZ. They showed that if rxy (XY) > 
rxy (XYZ), then fj, is expected to be negative. They also consider that if fxy (XY) > 
fxy (XYZ), then f,, will be positive. The data necessary for testing these ideas are given 
in Table 4, which shows that, in the case of the molecules considered here, Linnett and 
Hoare’s criteria lead to the correct sign for f;, in all cases, 1.¢., positive. 


TABLE 4. 
a ! f x 10°, dynes/cm 
Molecule ink r’: RYZ a Tae ie my eh 3 | 
HNCO : . oS —0-04 15-00 18-52 


HNCS ‘Ss BE 5S 0-027 7:3 8-32 


HN,N,N; N,N le -0-044 “ 22-40 
€ 18-52 
2 8-32 


innett and Hoare, Joc. 


OCS re) 16 : -0-031 


17-3 
~0-09 10-3 15-50 
15-6 
» 
L 


The actual set of force constants chosen for a particular molecule may be criticised. 
It should be emphasised that the greatest value of the method lies in providing the possible 
sets in a convenient graphical form. The most plausible ranges for the various force 
constants can be seen at a glance, and by reference to the outside limits of one of the 
stretching force constants the sign of fj, is decided in most cases. 

Furthermore, the use of Gordy’s equations has been found in previous examples to 
provide an adequate empirical basis for choosing a “ best ’’’ set of constants which can 
scarcely be distinguished (within the limits set by neglecting anharmonicity, etc.) from 
those force constants unequivocably defined, e.g., by isotopic frequencies. At the least, 
the constants in Table 3 provide strictly comparable sets of parameters for the respective 
general potential functions. The latter, it may be claimed, provide the most explicit 
characterisation of the forces defining the equilibrium state of the molecules. Thus, not 
only is a quantitative measure of the difference in the N—-N bonds of HN, provided, but the 
close relation of the latter to those in N,O is clear. A careful comparison of the constants 
for HNCO and CO,, HNCS and CS,, etc., is justified. Further discussion of these aspects 
will be undertaken later. 


The author’s thanks are due to Dr. Mansel Davies for much useful discussion, to the 
University of Wales for an I.C.I. Fellowship, and to Imperial Chemical Industries Limited for 
the loan of a calculating machine. 
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448. Some Benziminazole Derivatives. 


By B. N. Fetrecson, P. MAMALIs, R. J. MouAtim, V. PETROW, O. STEPHENSON, 
and B. STURGEON. 


Some polymethylenebisbenziminazoles, phenyl-substituted benzimin- 
azoles, and alkyl- and chloroalkyl-benziminazoles have been synthesised during 
studies of the evaluation of the biological potentialities of this dicyclic 
ring system. 


Our interest in the benziminazole ring system arose during collateral studies carried out 
in these Laboratories on the preparation of glycosyl derivatives of benziminazole with 
animal-protein-factor activity (see Mamalis, Petrow, and Sturgeon, J]. Pharm. Pharmacol., 
1950, 2, 491 et seg.). We have, therefore, prepared certain compounds related to specific 
chemotherapeutic types with the object of obtaining further information on the biological 
potentialities of this dicyclic nucleus. 
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(i) Polymethylenebisbenziminazoles.—Attempts to simulate the amcebicidal properties 
of emetine with simple synthetic compounds led to the discovery that biological activity of 
this type is often associated with polymethylenediamine derivatives (Pyman, Rep. Brit. 
Assoc., 1937, 107, 57; Goodson, Garvin, Goss, Kirby, Lock, Neal, Sharp, and Solomon, 
Brit. ]. Pharmacol., 1943, 3, 49; Hall, Mahboob, and Turner, J., 1950, 1842). We have, 
therefore, prepared a series of polymethylenebis-2-benziminazoles of type (I; R =H; 
n = 2—6, 8, or 10) employing Shriner and Upson’s method (J. Amer. Chem. Soc., 1941, 
63, 2277) whereby o-phenylenediamine is condensed with the appropriate dibasic acid in 
4n-hydrochloric acid. Nitration of these compounds gave the polymethylenebis-5-nitro- 
benziminazoles (I; R = NO,), which were reduced catalytically to the corresponding 
amino-derivatives, isolated as the hydrochlorides. The constitution assigned to the latter 
compounds was confirmed by the independent synthesis of (I; R= NH,; » = 4) from 
adipobis-2 : 4-dinitroanilide and of (I; R—=NH,; »=5) from pimalobis-2 : 4-dinitro- 
anilide by reduction and ring closure. 

Attempts to convert compounds of type (I; R= NH,) into the corresponding 
polymethylenebis-5-cyanobenziminazoles by the Sandmeyer reaction proved unsuccessful. 
An alternative route to these compounds, whereby the dibasic acid is condensed with 
4-cyano-1 : 2-phenylenediamine, gave (I; R = CN; » = 4 and 8) with adipic and sebacic 
acids. Conversion into the corresponding amidines, however, was not feasible in view of 
the very low yields obtained. 


CoH, R-p ’ CHyCH,R 
N N 


/N ,N N \ Z 
A ‘ tN / \ JS ‘ VY 4 
S—(CH, | | | > j CH,R 
/ A \ . Y ‘ ‘\ / A 
NH NH’ \7 7\N /\N NN 
(1) (II) (III) (IV) 


(ii) Phenyl-substituted Benziminazoles—The general resemblance in structural outline 
between 1-phenylbenziminazole (cf. 11) and phenanthridine led us to undertake the 
preparation of compounds analogous to the trypanocidal phenanthridinium compounds of 
Morgan, Walls, and their collaborators (J., 1931 ef seg.). Some analogous work has since 
been reported by Bower, Stephens, and Wibberley (J., 1950, 3341), who observed that 
5(6)-amnidino-2-p-amidinophenylbenziminazole, the preparation of which had likewise been 
undertaken independently by ourselves, showed marked activity against T. equiperdum. 

The 2-methyl-l-phenylbenziminazoles (II) were prepared from the corresponding 
2-aminodiphenylamine derivatives by Phillips’s method (J., 1929, 2820). Hydrogenation 
of nitro-groups was best effected by employing Raney nickel in ethanolic solution. 
Conversion into quaternary metho-salts was achieved in the usual manner. 5-Amino-1- 
p-aminophenyl-2-methylbenziminazole (II; R = R’ = NH,), prepared in this way, was 
converted into the methochloride hydrochloride hydrate via the corresponding diacetyl 
derivative (Il; R = R’ = NHAc), but had no trypanocidal action. Rather surprisingly 
attempts to convert the related 5-acetamido-1-p-acetamidophenylbenziminazole into the 
quaternary salt proved unsuccessful. The isomeric 1-methyl-2-phenylbenziminazoles 
(III), prepared by reaction of the N-methyl-o-phenylenediamines with the appropriate 
benzaldehyde derivative, are cyclised in boiling acetic acid. 1-Methyl-5-nitro-2-p-nitro- 
phenylbenziminazole (III; R = NO,, R’ = Me) readily passed into the quaternary salt. 
Reaction of 5-acetamido-2-p-acetamidophenyl-1-methylbenziminazole (II1; R= NHAc, 
R’ = Me) with methyl iodide under various conditions, however, failed to give analytically 
pure material. The 1-phenyl-2-(substituted phenyl)-benziminazoles (III; R’ = Ph) were 
prepared by reaction of 2-aminodiphenylamines with the acyl chloride in boiling xylene. 
Reduction of 5-nitro-2-p-nitrophenyl-l-phenylbenziminazole (III; R = NO,, R’ = Ph) 
gave the corresponding diamino-derivative, which was converted into the diacetyl 
derivative, and thence into 5-amino-2-f-aminophenyl-l-phenylbenziminazole metho- 
chloride dihydrochloride hydrate. Unfortunately, none of these compounds showed 
activity against T. equiperdum. 

A second group of 2-arylbenziminazoles was prepared from 5-iodo- and 3 : 5-di-iodo-o- 
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phenylenediamine by reaction with 4-hydroxy-3-iodobenzaldehyde, 4-hydroxy-3 : 5-di- 
iodobenzaldehyde, and #-nitrobenzaldehyde. The compounds obtained are listed in 
Table 3, and were prepared for tests against E. histolytica. 

(iii) Alkyl- and Chloroalkyl-benziminazoles.—As the growth-promoting properties of 
vitamin B,, are shared by some of its simple degradation products, and in particular by 
5 : 6-dimethylbenziminazole (Emerson, Brink, Holly, Koniuszy, Heyl, and Folkers, J. Amer. 
Chem. Soc., 1950, 72, 3084), it seemed likely that certain structural analogues of the latter 
compound might function as metabolite inhibitors of vitamin B,, and thus be of interest in 
tumour chemotherapy (see also Holly, Peel, Cahill, and Folkers, ibid., 1951, 73, 332; 
Antaki and Petrow, J., 1951, 2873). In selecting types suitable for examination, we have 
adopted the view expressed by Beaven, Holiday, Johnson, Ellis, Mamalis, Petrow, and 
Sturgeon (J. Pharm. Pharmacol., 1949, 1, 957) that both the glycosylbenziminazole fragment 
of vitamin B,, and riboflavin arise from a common biogenetic precursor, and that those 
alterations which effect conversion of riboflavin into a metabolite inhibitor are likewise 
effective in the present series (Antaki and Petrow, loc. cit.). 

The 5-chloro-, 5-chloro-6-methyl-, 6-chloro-, 6-chloro-7-methyl-, 5 : 6-dichloro-, 5 : 7- 
dichloro-, and 5-bromo-benziminazoles given in Table 5 were prepared by standard methods 
from the corresponding o-nitroanilines (Table 4). The latter, in turn, were obtained from 
1 : 4-dichloro-2-nitrobenzene, 2-chloro-4 : 5-dinitrotoluene, 4-chloro-1 : 2-dinitrobenzene, 
6-chloro-2 : 3-dinitrotoluene, 1 : 2-dichloro-4 : 5-dinitro-, 3: 5-dichloro-1 : 2-dinitro-, and 
1 : 4-dibromo-2-nitrobenzene and the appropriate amine in_ ethanolic solution. 
N’-Substituted 4: 5: 6-trichloro-1 : 2-phenylenediamines failed to undergo conversion 
into benziminazoles when heated with formic acid. 

A novel type of “ nitrogen mustard ’’ (IV; R = Cl) has also been obtained in these 
studies. Treatment of N-2’-hydroxyethyl-o-phenylenediamine with glycollic acid gave 
]-2’-hydroxyethyl-2-hydroxymethylbenziminazole (IV; R = OH), converted into (IV; 
R = Cl) by thionyl chloride. The corresponding 5-chloro-, 5-chloro-6-methyl-, 6-chloro-, 
5 : 6-dichloro-, 5 : 7-dichloro-, and 5-bromo-analogues were also prepared (see Table 7). 

During biological studies of the chlorinated benziminazoles listed in Table 4, Dr. S. W. F. 
Underhill and his staff (Physiological Department) observed that certain compounds showed 
spasmolytic action of the peripheral musculotropic type when injected intravenously into 
mice. 5: 6-Dichloro-l-methylbenziminazole, in particular, caused a mephenesin-like 
paralysis lasting 24 hours. We, therefore, prepared further compounds of this type and 
later extended the work to include some 1-(2 : 3-dihydroxypropyl) derivatives and their 
quaternary salts. Preparation of the latter was facilitated by the symmetrical distribution 
of charge in glyoxalinium compounds of this type. Thus 5 : 6-dichloro-1-(2 : 3-dihydroxy- 
propyl)-3-methylbenziminazolinium chloride was more readily prepared by treating 
5 : 6-dichloro-1-methylbenziminazole with «-monochlorohydrin at 160° than by direct 
quaternisation of the 1-(2 : 3-dihydroxypropyl) derivative. Reaction of 5 : 6-dichloro-1- 
methylbenziminazole with decamethylene dibromide afforded an analogue of the paralysing 
drug ‘‘ Decamethonium iodide ’’ (Organe, Paton, and Zaimis, Lancet, 1949, I, 21). 


EXPERIMENTAL 
M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. 


Decamethylenebis-2-benziminazole (I; R = H; m = 10).—Decamethylene-1 : 10-dicarboxylic 
acid (1-1 g.), o-phenylenediamine (900 mg.), and 4N-hydrochloric acid were heated under gentle 
reflux at 135° for 5hours. After cooling, the dihydrochloride which had separated was collected 
and basified, and the product crystallised from ethanol. Decamethylenebis-2-benziminazole 
formed needles, m. p. 298—299° (Found: C, 76-6; H, 8-1; N, 14:9. C,,H,)N, requires C, 77-0; 
H, 8-1; N, 14:9%). The dihydrochloride formed crystals, m. p. 261—263°. The remaining 
members of the series (n = 2—6 and 8) were prepared essentially as described by Shriner and 
Upson (loc. cit.). . 

Decamethylenebis-5-nitro-2-benziminazole Dihydrate (I; R = NO,; m = 10).—Decamethyl- 
enebis-2-benziminazole (4-69 g.), dissolved in concentrated sulphuric acid, was treated at 0° with 
mechanical stirring with potassium nitrate (3-62 g.) added in portions, stirring being continued 
fora further 2hours. The mixture was poured on crushed ice, the precipitated sulphate (5-77 g. ; 
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m. p. 255—256°) collected, and the nitro-base liberated with aqueous ammonia and crystallised 
from aqueous ethanol. 
The compounds (I; R = NO,) listed in Table 1 were prepared in the same way. 


. 


TABLE 1. Polymethylenebis-5-nitro-2-benziminazoles (1; R 


Found, % Required, ° 
AE eh, 


z= 4 
Formula Cc H N Remarks 
289—290 9-¢ , 2-0 C,6H,,0,N,,2H,O 49-5 ‘ Needles 
165 55: “{ 23:2 C,,H,,O.Ng 55-7 3° 23: if Plates 
263 56- . 22-5 C,,H,,.O,N, 56-8 “3 22- Rosettes 
208 53- “f 9-7 C,.H,,0,N,,2H,O 53-1 5: , Needles ! 
248-249 54- 5- 4 Cy 9H,,0,N,,2H,O 541 5: “{ 7 Needles 
136 59-f s 19:3 C,,H,O,Ng 605 58 9- 9% Needles 
1 Crystallised from aqueous 2-methoxyethanol. 


Ethylenebis-5-amino-2-benziminazole (I; R = NH,; m = 2).—Ethylenebis-5-nitro-2-benz- 
iminazole (2 g.) in 2-methoxymethanol (100 ml.) was reduced catalytically at room temperature 
in the presence of Raney nickel. After removal of the catalyst the solution was treated with 
concentrated hydrochloric acid (4 ml.), and the precipitated tetrahydrochloride washed with 
ethanol and dried. 

The compounds (I; R = NH,) listed in Table 2 were prepared in the same way. 


TABLE 2. Tetrahydrochlorides of polymethylenebis-5-amino-2-benziminazoles (1; R = NH,). 
Found, % Required, % 
——_A_—_ —_——, 


Formula , H N 
345 3: “6 ; CygHaoN Cl, 3- 
300 5: “{ “s C,H N 6Cl, 5 “{ 18-6 
- 300 3-6 “f 8- CygHaNoCl, 6 . 18-0 
300 5 ° ° CigHagN 6Cly f , 17-5 
> S45 i . . § CogHygN 6Cly 6 5: 17-0 
324—325 , , , C,,H;,N,Cl, . . 16-7 


Fumarobis-o-nitroanilide, pale yellow needles (83%) (from dioxan), m. p. 283° (Found : 
C, 53-4; H, 3-2; N, 15-7. C,.H,,O,N, requires C, 53-9; H, 3-3; N, 15-7%), separated on 
cooling a mixture of o-nitroaniline (9-2 g.), fumaroyl chloride (5-1 g.), and dry benzene (50 ml.) 
which had been heated under reflux until evolution of hydrogen chloride had ceased. 

Ethylenebis-2-benziminazole dihydrochloride dihydrate, needles (from ethanol), m. p. >330° 
(Found: C, 55-0; H, 4:9; N, 15-7; Cl, 19-9. C,,H,.N,,2HCI,2H,O requires C, 54-7; H, 4-6; 
N, 15-9; Cl, 20-2%), was obtained by reduction of the foregoing compound (4 g.) in hot dioxan 
(150 ml.) with Raney nickel and hydrogen, followed by reaction with 5n-alcoholic acid under 
reflux for 2 hours. 

Adipobis-4-cyano-2-nitroanilide, prepared by heating adipoy] chloride (from 2 g. of acid) with 
4-cyano-2-nitroaniline (4-1 g.) (Stephens and Bower, J., 1950, 1724) at 190° for 1 hour, separated 
(57%) from 2-ethoxyethanol in yellow crystals, m. p. 221—222° (Found: C, 54-6; H, 3-9; N, 
19-4. Cy 9H,,0,N, requires C, 55-0; H, 3-7; N, 19-3%). 

Tetramethylenebis-5-cyano-2-benziminazole dihydrochloride was prepared by catalytic 
reduction of the foregoing compound (1 g.) in hot 2-ethoxyethanol (150 ml.) in the presence of 
Raney nickel, followed by addition of concentrated hydrochloric acid (5 ml.) to the filtrate and 
reaction on the steam-bath for 1 hour. It formed brownish crystals, m. p. 203° (Found: C, 
57-7; H, 5-0; N, 20-2. C,9H,,.N,,2iiCl requires C, 58:1; H, 44; N, 20-39%). The corre- 
sponding base dihydrate was obtained from aqueous ethanol as a white powder, m. p. 260—261° 
(Found : C, 64:3; H, 5-2; N, 22-0. C,9H,,.N,,2H,O requires C, 63-9; H, 5-3; N, 22-4%). 

Octamethylenebis-5-cyano-2-benziminazole crystallised from aqueous ethanol as needles (42%), 
m. p. 145° (Found: C, 71-8; H, 6-4; N, 21-1. C,,H,,N, requires C, 72-7; H, 6-1; N, 21-2%). 

Pimelobis-2 : 4-dinitroanilide, prepared (55%) by heating pimeloyl chloride (from 8-15 g. of 
acid) and 2 : 4-dinitroaniline (18-3 g.) at 170—180° for 1 hour, crystallised from 2-ethoxyethanol 
in yellow needles, m. p. 188° (Found: C, 46-2; H, 4:0; N, 16-5. C,gH,,0,)N, requires C, 46-5; 
H, 3-7; N, 17-1%). Attempts to convert this compound into the corresponding bis-5-amino- 
benziminazole derivative proved unsuccessful. 

2-Methyl-5-nitro-1-phenylbenziminazole methosulphate, prepared from 2-methyl-5-nitro-1- 
phenylbenziminazole (Phillips, /., 1929, 2820), formed needles, m. p. 210° (decomp.) (Found : 
C, 50-3; H, 4:5; N, 11-1; S, 84. C,.H,,0,N,S requires C, 50-7; H, 4:5; N, 11-1; S, 8-4%). 
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The methochloride formed clusters of needles, m. p. 182° (decomp.), from 5N-hydrochloric acid 
(Found: C, 50-3; H, 5-0; N, 11-7. C,,;H,,0,N,;Cl,3H,O requires C, 50-3; H, 5-6; N, 11-7%). 

5-Amino-2-methyl-1-phenylbenziminazole methochloride hydrochloride trihydrate, obtained by 
treatment of 5-acetamido-2-methyl-l-phenylbenziminazole (Phillips, Joc. cit.) with methyl 
sulphate, followed by 5n-hydrochloric acid, formed needles, m. p. 190° (decomp.) (Found: C, 
49-5; H, 6-0; N, 11-4; Cl, 18-6. C,,;H,,;N,Cl,,3H,O requires C, 49-4; H, 6-3; N, 11-5; Cl, 
195%). 

2: 4’-Bisacetamido-4-nitrodiphenylamine crystallised from ethanol as yellow needles, m. p. 236 
(Found: C, 58-5; H, 4-9; N, 17-3. C,gH,,0,N, requires C, 58-7; H, 4-9; N, 17-1%). 

1-p-Aminophenyl-2-methyl-5-nitrobenziminazole (II; R = NO,, R’ = NH,), prepared by 
heating 2 : 4’-bisacetamido-4-nitrodiphenylamine (12 g.) with 4N-hydrochloric acid (120 ml.) for 
40 minutes, followed by basification, formed needles (66%), m. p. 190° from ethanol (Found : 
C, 62-0; H, 4:5; N, 20-4. C,,H,,0,N, requires C, 62:7; H, 4-5; N, 20-9%). The acetyl 
derivative formed needles (from ethanol), m. p. 198° (Found: C, 62-0; H, 4:5; N, 18-0. 
C,gH,,O,N, requires C, 62-0; H, 4-5; N, 18-1%). 

5-Amino-1-p-aminophenyl-2-methylbenziminazole (II; R = R’ = NH,), prepared by catalytic 
reduction of the foregoing compound over Raney nickel, formed needles, m. p. 230°, from ethanol 
(Found: C, 70-6; H, 6-0; N, 22-7. C,gH,N, requires C, 70-6; H, 5-9; N, 23-5%). The 
diacetyl derivative formed needles, m. p. 220°, from aqueous ethanol (Found: N, 17-2. 
C,,H,,0,N, requires N, 17-4%). 

1-p-A minophenyl-2-methyl-5-nitrobenziminazole methochlovide hydrochloride  tetrahydvate 
formed hygroscopic needles (from water), m. p. >300° (Found: N, 12-8; Cl, 15-9. 
C,;H,,0,N,Cl,,4H,O requires N, 13-1; Cl, 16-7% 

5-A mino-1-p-aminophenyl-2-methylbenziminazole methochloride dihydrochloride pentahydrate 
formed hygroscopic needles (from water) decomposing at 200° (Found: C, 40-6; H, 5-9; N, 
11-5. C,,;H,,N,Cl,2HC1,5H,O requires C, 39-9; H, 6-4; N, 12-4%). 

5-Amino-1-p-chlorophenyl-2-methylbenziminazole, prepared by reduction of the corre- 
sponding 5-nitro-derivative (m. p. 228°; cf. Fries, Annalen, 1927, 454, 121, who gives m. p. 
210‘), crystallised from aqueous ethanol as needles, m. p. 170° (Found: C, 64-8; H, 4-8; N, 
16-7; Cl, 14-0. Calc. for C,gH,,N,Cl: C, 65-1; H, 4:7; N, 16-3; Cl, 13-8%). 

2-p-Acetamidophenyibenziminazole separated from aqueous ethanol in small, pale yellow 
needles, m. p. 309° (Found: C, 66-9; H, 5-9; N, 15-6. Calc. for C,,H,,ON;,H,O: C, 66-9; 
H, 5-6; N, 156%). Attempts to convert this compound into its quaternary salt failed. 

1-Methyl-2-p-nitrophenylbenziminazole Methiodide.—The product obtained by heating 
1-methyl-2-p-nitrophenylbenziminazole (4 g.) and methyl iodide (10 ml.) in methanol (10 mb} 
for 3 hours at 120° was extracted with boiling water (500 ml.) leaving the methoperiodide, small 
brown plates, m. p. 182° (Found: C, 28-6; H, 2-4; N, 6-3; I, 57-7. C,;H,,0O,N,I, requires 
C, 27-7; H, 2-2; N, 6-5; I, 587%), from ethylene glycol. The aqueous filtrate, on cooling, 
deposited the methiodide, yellow needles, m. p. 297° (decomp.) (Found: C, 45-9; H, 3-6; N 
10-4. C,,H,,0,N,I requires C, 45-6; H, 3-6; N, 10-6%). 

1-Methyl-5-nitro-2-p-nitrophenylbenziminazole methosulphate crystallised from methanol 
ethyl acetate in small prisms, m. p. 280° (Found: C, 45-6; H, 39; N, 13:1; S, 7-5 
C,,.H,,0,N,S requires C, 45:3; H, 3-8; N, 13:2; S, 7:-5%). The methobromide formed pale 
yellow needles, m. P. 255° (Found : C, 45-9; H, 3-4; N, 14-7; Br, 21-3. C,;H,,0,N,Br requires 
C, 45-8; H, 3-3; N, 14-3; Br, 20-4%). The methochloride crystallised from ether—ethanol in 
needles, m. p. 242° (decomp.) (Found: C, 52-1; H, 3-5; N, 15-9; Cl, 10-4. C,,H,,0,N,Cl 
requires C, 51-6; H, 3-8; N, 16-1; Cl, 10-2%). 

5-A cetamido-2-p-acetamidophenyl-1-methylbenziminazole hemihydrate, formed by reducing 
1-methyl-5-nitro-2-p-nitrophenylbenziminazole (5 g.) in ethanol (200 ml.) in the presence of 
Raney nickel and acetylating the product, crystallised from aqueous methanol as plates, m. p. 
264—265° (Found: C, 65-7; H, 5-9; N, 16-8. C,,H,,0,N,,4H,O requires C, 65-3; H, 5-7; N, 
16-9%). 

5-A mino-2-p-aminophenylbenziminazole trihydrochloride was obtained by treating a suspension 
of 5-nitro-2-p-nitrophenylbenziminazole in hot methanol (160 ml.) with a solution of stannous 
chloride dihydrate (37-5 g.) in methanol (30 ml.) and concentrated hydrochloric acid (20 ml.), 
added portionwise, followed by 5 minutes’ heating on the water-bath and precipitation by 
concentrated hydrochloric acid (100 ml.). It formed small glistening plates (4 g.), m. p. >320° 
(Found: C, 46-4; H, 4:2; N, 16-4; Cl, 32-3. C,,;H,.N,,3HCl requires C, 46-8; H, 45; N, 
16-8; Cl, 32-6%). 

»-A cetamido-2-p-acetamidophenylbenziminazole hemihydrate was obtained (6-5 g.) by treating 
70 
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the foregoing compound (6-5 g.) with acetic acid (80 ml.) and acetic anhydride (30 ml.) for 
40 minutes at room temperature, and had m. p. 358° (Found: C, 63-9; H, 5-3; N, 17-5. 
C,,H,,0,.N,,4H,O requires C, 64-4; H, 5-4; N,17-7%). Attempted methosulphonation of this 
compound proved unsuccessful. 

5-A mino-2-p-aminophenyl-1-phenylbenziminazole, obtained by reducing the corresponding 
nitro-compound with hydrogen and Raney nickel in ethanol, formed needles, m. p. 265° (Found : 
C, 75:6; H, 5-4; N, 19:3. C,.H,,N, requires C, 76-0; H, 5:3; N, 18-7%). The diacetyl 
derivative crystallised from aqueous ethanol in plates, m. p. 207° (Found: N, 14:5. C,3H.O.N, 
requires N, 14:6%). 

5-Amino-2-p-aminophenyl-1-phenylbenziminazole methochloride dihydrochloride pentahydrate 
separated from ethanol-ether in pale yellow hygroscopic crystals, m. p. 210° (decomp.) (Found : 
C, 47-2; H, 6-0; N, 10-7; Cl, 21-9. C, 9H, gN,Cl,2HC1,5H,O requires C, 46-7; H, 6-0; N, 10-9; 
Cl, 20-8%). 

5-Nitvo-1-p-nitrobenzyl-2-p-nitrophenylbenziminazole.—p-Nitrobenzaldehyde (20 g.) in hot 
glacial acetic acid (200 ml.) was added to 4-nitro-1 : 2-phenylenediamine (20 g.) in hot acetic 
acid (20 g.), and the mixture heated under reflux for 5 hours, after which acetic acid (450 ml.) 
was removed by distillation during 1 hour. After cooling, some 5-nitro-2-p-nitrophenyl- 
benziminazole, m. p. 340°, was removed, and the filtrate diluted with water. The precipitated 
orange solid was dissolved by heating it with nitrobenzene (75 ml.) under reflux for 14 hours, the 
solution cooled somewhat, and methanol added until crystallisation commenced. 5-Nitro-1-p- 
nitrobenzyl-2-p-nitrophenylbenziminazole was obtained in pale orange-yellow needles (11 g.), 
m. p. 256—258° (Found: C, 57-5; H, 2-8; N, 16-5. C,9H,;0,N; requires C, 57-3; H, 3-1; 
N, 16-7%). 

2-p-Diethylaminophenylbenziminazole crystallised from ethyl acetate-light petroleum in 
buff-coloured needles, m. p. 232° (Found: C, 76-8; H, 7:3; N, 15-4. C,,H, N; requires C, 
76:9; H, 7:2; N, 15-8%). 

2-p-Dimethylaminophenyl-1-methyl-5-nitrobenziminazole hydrochloride separated from glacial 
acetic acid in crystals, m. p. 259° (Found: C, 57-9; H, 5-2. C,gH,.0,N,,HCl requires C, 57-7; 
H, 5:2%). 

2-p-Diethylaminophenyl-1-methyl-5-nitrobenziminazole hydrochloride separated from glacial 
acetic acid in crystals, m. p. 250° (Found: C, 59-9; H, 6-1; N, 15-6; Cl, 10-2. C,,H,,O,N,Cl 
requires C, 59:9; H, 5-9; N, 15-5; Cl, 9-8%). 

5-Iodo-1 : 2-phenylenediamine, prepared by reduction of 5-iodo-2-nitroaniline with hydrogen 
and Raney nickel, crystallised from ethanol in silvery platelets, m. p. 73° (Found: C, 30-7; 
H, 3-2; N, 11-8; I, 54:3. C,H,N,I requires C, 30-8; H, 3-0; N, 11-9; I, 54:3%). 

3 : 5-Di-iodo-1 : 2-phenylenediamine crystallised from ethanol in needles, m. p. 112° (Found : 
C, 20-4; H, 1-4; N, 7-8; I, 69-7. C,H,N,I, requires C, 20-0; H, 1-7; N, 7-8; I, 70°5%). 

The iodinated benziminazole derivatives listed in Table 3 were prepared by standard methods. 
They were generally purified by crystallisation from ethanol, acetic acid, or aqueous acetic acid. 

5-Iodo-2-ketobenziminazoline, prepared by treating 4-iodo-1 : 2-phenylenediamine (4 g.) with 
carbonyl chloride in toluene (30 ml. of 12-5%) for 3 hours on the water-bath, crystallised on 
cooling, and had m. p. 250° (Found : C, 31-8; H, 2-4; N, 11-3. C,H,;ON,I requires C, 32-3; H, 
1:9; N, 10-8%). 

5 : 7-Di-iodo-2-ketobenziminazoline formed crystals, m. p. 230° (Found: C, 22-3; H, 1-0; 
N, 7:3; I, 64-9. C,H,ON,I, requires C, 21-8; H, 1:0; N, 7-3; I, 65-8%). 

Decamethylenebis-5 . 6-dichlovo-3-methyl-1-benziminazolinium Dibromide.—Decamethylene di- 
bromide (3 g.) and 5 : 6-dichloro-1-methylbenziminazole (5 g.) were heated together at 160° for 
45 minutes. The melt solidified on cooling and the product was recrystallised from ethanol and 
ether, forming small prisms, m. p. 232° (decomp.) (Found: C, 443; H, 48; N, 7-9. 
CygH3.N,Cl,Br, requires C, 44-4; H, 4-6; N, 8-0%). 

Various Products.—¥or other compounds prepared by the methods outlined, see the attached 
Tables. 


The authors thank the Directors of The British Drug Houses, Ltd., for permission to publish 
this work. 
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449. Ozxonols Derived from Azol-5-ones. 
By Epwarp B. Knott. 


A number of symmetrical and unsymmetrical oxonol dyes derived from 2- 
substituted thiazol-5-ones and 2-phenyloxazol-5-one has been prepared for 
test as photographic sensitizers. Di-(2-phenyl-4-oxazol-5-one)methinoxonol 
is readily attacked by aniline to give, probably, a-benzamido-§-(5-hydroxy-2- 
phenyl-4-oxazolyl)acrylanilide. The reaction of 4-ethoxymethylene-2-phenyl- 
oxazol-5-one and 2-benzylthiothiazol-5-one leads to a colourless chromotropic 
product which is isomeric with the required oxonol. It sensitizes a silver 
halide emulsion to visible light in the same way as related normal oxonols, 


OXONOLs (dyes obtained by linking two heterocyclic keto-methylene nuclei by a methin 
group) are in many instances rather poor photographic sensitizers. Although this may be due 
partly to their poor adsorption on the grain the chief reason is probably because, in general, 
steric hindrance prevents coplanarity of the two nuclei. This is shown in the Figure for 
di-(3-methyl-1-pheny]-4-pyrazol-5-one)methinoxonol (Knorr, Amnnalen, 1887, 238, 137). 
Similarly the trimethinoxonols are overcrowded molecules, although less so than the 
methinoxonols. In order that oxonols may be planar one or both of the positions marked * 
in the Figure must be unsubstituted, 7.¢e., must be hetero-atoms. Suitable nuclei are, 
é.g., 3-ethylrhodanine and 2-diphenylamino-5-thiazol-4-one (Brooker, U.S.P. 2,241,238). 


Recently Cook, Harris, and Shaw (J., 1949, 1435) obtained oxonols of type (I; R= R’= 
SR”) which also fulfil the required condition, and Davis and Levy (J., 1949, 2179) obtained 
thionols of type (II) in which planarity may be achieved by opening of the chain angle 


; SC—_NH 

sO HO$ O—.OH 

(I) RL cu Rr’ pal J-cH=| ts (II) 
‘ rs H 


Since dyes (I; R= R’ = SEt or SBz) have now been found to be powerful ortho- 
sensitizers further examples have been synthesised. The oxygen analogue, di-(2-ethoxy-4- 
thiazol-5-one)methinoxonol (I; R= R’ = OEt) was readily obtained from 2-ethoxy- 
thiazol-5-one and its 4-ethoxymethylene derivative (Aubert, Knott, and Williams, J., 1951, 
2185) in alcoholic triethylamine. Unsymmetrical oxonols (I; R = O°C,gH,,, R’ = SEt; 
R = S°C,H,,, R’ = NHAc; etc.) were also obtained in this way. The absorption 
characteristics of the anions of these oxonols (see Experimental) show that in (I; R = R’ 
SEt) replacement of first one and then both SEt by OEt causes a progressive hypsochromic 
shift. 

In the oxazolone series (cf. Davis and Levy, Joc. cit.) a number of oxonols (III) were 
obtained which in some cases behave abnormally. The symmetrical oxonol di-(2-phenyl- 
4-oxazol-5-one)methinoxonol (111; A = 2-phenyl-4-oxazolone), whilst stable as its anion 
and in inert solvents, is rapidly decolorized in alcoholic solution. This is attributed to ring 
opening (cf. Davis and Levy, loc. cit.) by addition of ethanol. The same effect is obtained 
on addition of aniline to the benzene solution of the dye, giving «-benzamido-$-(5-hydroxy- 
2-phenyl-4-oxazolyl)acrylanilide (IV). On the other hand the oxonol (V; R = CH,Ph) 
is colourless, has a low melting point, and gives a red melt. It sensitizes a silver chloride 
emulsion with Amax, at 530 my. It dissolves in hot acetone or benzene to an orange-red 
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solution. An unstable red form is obtained by heating its solution in alcoholic triethyl- 
amine, and then acidifying it. This form reverts to the colourless form on recrystallization. 
Hot xylene solutions are pink, the colour slowly fading. Unlike normal oxonols it is in- 
soluble in aqueous sodium hydroxide. From this property and its reversible thermo- 


O OH CO-NHPh 


OC 
( ,OH | . A wy 
Phil I cH—.* Ph\ ./ -CH=C-NHBz 


o—,oH 99-4 0 
NAC 


Ph\ —CH=! JS Ph 
N N 
III) (lV) (Vv) 


chromic behaviour it appears that isomerization has occurred to the spiran (VI); an 
oxonium -base or oxonium base structure is unlikely as no salt-like properties are exhibited 
and treatment of a benzene solution with hydrogen chloride failed to give the oxonium 
chloride. 
EXPERIMENTAL 
Microanalyses are by Drs. Weiler and Strauss. 

Di-(2-ethoxy-4-thiazol-5-one)methinoxonol (I; R = R’ = OEt).—N-Thiocarbethoxyglycine 
(Aubert et al., loc. cit.) (1-65 g.) and acetic anhydride (15 c.c.) were heated in an oil-bath at 130° 
for 30 minutes and the solvents removed under reduced pressure. <A similar mixture contain- 
ing, in addition, ethyl orthoformate (5 c.c.) was treated similarly. The two residual oils were 
heated under reflux in ethanol (10 c.c.) and triethylamine (2 c.c.) for 5 minutes. The yellow 
solution was cooled, water (50 c.c.) was added, and the clear solution was acidified with dilute 
hydrochloric acid. The precipitated orange oil slowly crystallized. This oxonol formed orange 
prisms, m. p. 146°, after two crystallizations from methanol (Found: N, 9-35; S, 21-4. 
C,,H,,0,N,S, requires N, 9:35; S, 21-39%); Amax, 472 (450) mu in methanolic triethylamine. 
This and other wave-lengths in parentheses indicate secondary peaks or inflexions (i). 

(2-Ethylthio-4-thiazol-5-one || 2-n-tetvadecyloxy-4-thiazol-5-one|methinoxonol (I; R SEt, 
R’ = O°C,,H,,).—N-Dithiocarbethoxyglycine (1-8 g.) and acetic anhydride (10 c.c.) were heated 
on the steam-bath for 30 minutes and the solvents removed. 4-Ethoxymethylene-2-n-tetra- 
decyloxythiazol-5-one (Aubert e¢ al., loc. cit.) [from N-thiocarbo-n-tetradecyloxyglycine (3-3 g.)] 
was added to the residue and the whole heated under reflux in ethanol (10 c.c.) with triethylamine 
(2 c.c.) for 3 minutes. The dye solution was set aside for 1 hour, water (50 c.c.) added, and the 
dye (4-2 g.) precipitated with dilute hydrochloric acid. It formed orange-brown needles, m. p. 
74°, from acetone (Found: N, 5-9; S, 20-1. C,3H3;,0,;N,5, requires N, 5-8; S, 19-85%); 
Amax. 492 (470) mu in methanolic triethylamine. 

2-Ethylthio-4-thiazol-5-one |[2-n-octylthio-4-thiazol-5-one\methinoxonol (1; R =SEt, R’ 
S°C,H,,;) was obtained similarly from N-dithiocarbethoxyglycine (1-8 g.) and N-dithiocarbo-n- 
octyloxyglycine (Aubert et al., loc. cit.) (2-6g.)._ The red oil obtained on acidification was washed 
by decantation, dissolved in acetone, and chilled, to give the methinoxonol which formed clusters 
of small, violet needles, m. p. 76°, from acetone (Found: S, 31-05. C,,H,,O,N,S, requires S, 
30-8%). Amax 519 (492) my in methanolic triethylamine. 

[2-n-Dodecylthio-4-thiazol-5-one}|2-ethylthio-4-thiazol-5-one|methinoxonol (I; R = SEt, R’ 
S°C,,H,;), obtained and isolated similarly, formed purple needles, m. p. 55°, from acetone 
(Found: S, 27:3. C,,H3,0.N.S, requires S, 27-1%); Amax, 520 (490) my in methanolic triethyl- 
amine. 

[2-A cetamido-4-thiazol-5-one}|2-n-octylthio-4-thiazol-5-one|methinoxonol (I; R = NHAc, 
R’ = S*C,H,,).—N-Dithiocarbo-n-octyloxyglycine (1-3 g.), ethyl orthoformate (5 c.c.), and 
acetic anhydride (15 c.c.) were heated for 30 minutes at 120°, and the solvent was then removed. 
2-Acetamidothiazol-5-one hydrobromide (Aubert et al., loc. cit.), (1-2 g.), ethanol (10 c.c.), and 
triethylamine (3 c.c.) were added and the whole was heated for 5 minutes on the steam-bath. 
The sticky crystalline dye obtained on acidification formed a brown crystalline powder, m. p. 
228°, from acetic acid (Found: N, 10-3; S, 23-5. C,,H,,;03N,S, requires N, 10-15; S, 23-2%); 
Amax. 497 (484) my. in methanolic triethylamine. 

[3-Carboxymethyl-2-thio-5-thiazolid-4-one){2-phenyl - 4-oxazol-5-one|methinoxonol.—4-Ethoxy - 
methylene-2-phenyloxazol-5-one (1-1 g.), 3-carboxymethylrhodanine (0-95 g.), ethanol (50 c.c.), 
and triethylamine (1-5 c.c.) were refluxed for 5 minutes after completion of solution. The 
orange-red solution was filtered, diluted with water (100 c.c.), and acidified with dilute sulphuric 
acid. The precipitated red oil solidified on cooling. It was redissolved in 2N-sodium carbonate, 
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and the solution was filtered and acidified. The red oil was then dissolved in boiling acetone 
and boiled until crystallisation set in. This oxonol formed magenta needles, m. p. 245°, after 
repetition of the actone treatment (Found: N, 7:45; S, 17-6. C,;H,O;N,S, requires N, 7-75; 
S, 17-7%); Amax. 434 (520i) my in methanolic triethylamine. 

(3-Ethyl-2-thio-5-thiazolid-4-one]}[2-phenyl-4-oxazol-5-one|methinoxonol obtained similarly from 
3-ethylrhodanine formed violet crystals of indefinite m. p. from benzene (Found: N, 8-3. 
C,,;H420,N,5, requires H, 8-45%). Amax, 433 (523) my in methanolic triethylamine. 

3-Ethyltetrahydro-4-keto-2-thio-1-phenylglyoxaline |'2-phenyl-4-oxazol-5-one|methinoxonol was 
obtained similarly from 3-ethyl-1-phenyl-2-thiohydantoin (1-1 g.) as greenish-red needles of in- 
definite m. p. from benzene (Found: C, 64:3; H, 43; N, 10-7; N, 10-7; S, 81. C,,H,,;O3,N,S 
requires C, 64-5; H, 4:35; N, 10-75; S, 82%); Amax, 504 (480i) my in methanolic 
amine. 

Di-(2-phenyl-4-oxazol-5-one)methinoxonol.—2-Phenyloxazol-5-one (0-8 g.), 4-ethoxymethyl- 
ene-2-phenyloxazol-5-one (1-1 g.), ethanol (10 c.c.), and triethylamine (1 c.c.) were heated on the 
steam-bath for 5 minutes. The deep yellow solution was chilled and 0-5N-hydrochloric acid was 
added, giving a flocculent red precipitate (1-7 g.) of the dye. It formed dark red needles with a 
dark green reflex, m. p. 210° (after softening), after twice crystallizing from benzene (Found : 
C, 68-3; H, 3-6; N, 8-3. C,,H,,O,N, requires C, 68-5; H, 3-6; N, 8-45%). The colour of its 
acetone solution slowly faded and the yellow ethanol solution gave a yellow oil on dilution with 
water ; Amax, 498 my in methanolic triethylamine, 520 my in benzene. 

The red benzene solution faded on addition at 70° of a few drops of aniline. The colourless 
a-benzamido-8-(5-hydroxy-2-phenyl-4-oxazolyl)acrylanilide (IV) which separated formed fluffy, 
colourless needles, m. p. 205° (decomp. from 195°), from methanol (Found: C, 70-6; H, 4:15; 
N, 99 C,,H,,0O,N, requires C, 70-6; H, 4-45; N, 9-9%). 

i somer of (2-Benzylthio-4-thiazol-5-one}{2-phenyl-4-oxazol-5-one \methinoxonol (V ; R =CH,Ph). 

-4-Ethoxymethylene-2-phenyloxazol-5-one (1-1 g.), 2-benzylthiothiazol-5-one (1-1 g.), ethanol 
(10 c.c.), and triethylamine (1 c.c.) were refluxed for 5 minutes. Dilution with water gave a 
yellow precipitate changing to a red oil on acidification. The latter solidified slowly. It formed 
colourless, glossy threads, m. p. 136° (red), after two recrystallizations from acetone (orange-red 
solution). This zsomer is insoluble in aqueous sodium hydroxide. It dissolves in xylene to give 
a pink solution when hot, becoming colourless after several hours (Found: C, 60-85; H, 3-3; 
N, 6-9; S, 16°55. C,.9H,,0,;N,S, requires C, 61-0; N, 3-55; N, 7-1; S, 16-25%); 496 my 
in methanolic triethylamine. 

Isomer of [2-n-Octylthio-4-thiazol-5-one)[2-phenyl-4-oxazol-5-one\methinoxonol (V; RK n 
C,H,,).—Obtained similarly, this isomer formed fluffy, pink needles, m. p. 108° (red), from acetone 
(Found: N, 6-75; S, 15-6. (C,,H,,O,;N,S, requires N, 6-75; S, 154%); 
methanolic triethylamine. 
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450. The Molecular Rearrangement of the Phenylhydrazones of 
Thio-oxindole-3-aldehyde and of 3-Acetyl(thio-oxindole). 


By R. H. GLAUERT and FREDERICK G. MANN. 


It is shown that the above phenylhydrazones readily undergo a moleculat 
rearrangement to the 4-o-mercaptophenyl derivatives of the 1l-phenylpyr 
azolones, which in turn undergo ready oxidation to the corresponding disul 
phides. The labile nature of these phenylhydrazones entails considerabk 
care in their preparation and characterisation. 


WE have already briefly drawn attention to the labile nature of the phenylhydrazones of 
thio-oxindole-3-aldehyde, its 6-ethoxy-derivative, and of 3-acetyl(thio-oxindole) (J., 1952, 
2127), and the properties of these compounds have now been more fully investigated. All 
show essentially the same behaviour under certain conditions, and that of the derivatives 
of thio-oxindole-3-aldehyde will therefore alone be cited in detail. 
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Thio-oxindole-3-aldehyde phenylhydrazone (I; R = H) is best prepared by the action 
of pure phenylhydrazine on a cold ethanolic solution of the aldehyde, and when recrystal- 
lised from ethanol is obtained as pale yellow crystals, m. p. 180—181°, which are only 
slowly soluble in 10% aqueous potassium hydroxide, and are unaffected by iodine. When 
a solution of this phenylhydrazone in ethanol containing hydrogen chloride is boiled, the 


CH-CR:N*-NHPh 





ON /*\ 7 H—CR 7\—cCH—CR | 
lo | co | lis 4 5 | | S- X 
\ Fi Wenn" 6g NIN \ on 
S Ph Ph |, 
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yellow solution becomes paler and on cooling deposits an isomeric compound as very pale 
yellow (almost colourless) crystals, m. p. 195°. These crystals are freely soluble in aqueous 
potassium hydroxide, and the presence of a mercapto-group is shown by the deep colour 
which the alkaline solution gives with sodium nitroprusside. The presence of this mercapto- 
group is further confirmed by the fact that an ethanolic solution of the isomer reacts readily 
with iodine to give a compound of composition C,;5H,,0,N,S, as colourless crystals, m. p. 
257—259°, which are also soluble in 10% aqueous potassium hydroxide but give no colour 
with sodium nitroprusside. 

These facts leave little doubt that the phenylhydrazone (I; R = H) under the influence 
of the hydrogen chloride has undergone a molecular rearrangement which entails opening 
of the thiophen ring and formation of a pyrazole ring, the product being 4-o-mercapto- 
phenyl-1-phenylpyrazolone (II; R = H), and that it is this thiol which undergoes oxid- 
ation by iodine to furnish di-[o-(1-phenylpyrazol-5-on-4-yl)pheny]] disulphide (III; R = H). 
This explains why the isomer gives the nitroprusside and the iodine reaction, whilst the 
oxidation product of course does neither. The fact that the disulphide is freely soluble in 
cold aqueous potassium hydroxide provides additional evidence for its constitution, 
because, since 1 : 4-diphenylpyrazolone is soluble in aqueous alkalis (Wislicenus, Ber., 
1887, 20, 2930), a compound of structure (III; R = H) would almost certainly have a 
similar solubility: the intermediate compound (II; R = H) owes its alkali-solubility 
both to the pyrazolone ring and to the thiol grouping. 

The pyrazolone structure of our intermediate compounds has been independently 
confirmed by the infra-red spectra of the compounds (II; R = H and Me), on which Dr. 
R. N. Haszeldine reports : ‘‘ The presence of a thiol group in both compounds is shown by 
the weak bands in the 3-7—3-95-u region of the spectrum. Furthermore a strong band at 
6-20 uw is ascribed to the ketone group, possibly hydrogen-bonded to the thiol group. In 
addition, the spectra of the compounds show no bands in the 2-5—3-25-p region, and hydr- 
oxy- and imino-groups are therefore absent. These observations provide strong evidence, 
not only for the pyrazolone ring, but also for its presence in the form (II) as distinct from 
the tautomeric forms (ITA and B).”’ 


(ILA) a = : i 
Vn bow Wenn bon NH (IIB) 
H Ph Ph 


The changes (I —~> II —> III) occur very readily, and there is some evidence that the 
over-all change may not necessarily require an external oxidising agent. Thus 6-ethoxy- 
thio-oxindole-3-aldehyde phenylhydrazone (as I) forms bright yellow crystals, m. p. 
168—169°, which are transformed as before into the thiol (as II), very pale yellow crystals, 
m. p. 243°, which on oxidation give the disulphide (as III), colourless crystals, m. p. 270— 
272°. In determining the melting point of the phenylhydrazone in the usual capillary 
tube, however, considerable effervescence immediately follows the fusion at 168—169° and 
the material then resolidifies, and, if the heating is continued, then remelts at 270—272°, 
1.e., conversion into the disulphide is now complete. It is unlikely that sufficient oxygen 
can be present in these circumstances to cause this complete oxidation, and the possibility 
that the effervescence may indicate loss of gaseous hydrogen from the intermediate thiol, 
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although improbable, cannot be entirely ignored. The phenylhydrazone of the unsub- 
stituted aldehyde (I; R = H) also melts with effervescence and subsequent resolidification 
and formation of the crude disulphide (III; R = H), but the process in this series is much 
slower (and probably less complete) than in the 6-ethoxy-series. 

3-Acetyl(thio-oxindole) phenylhydrazone (I; R = Me) forms very pale yellow crystals, 
m. p. 166°, which are converted by ethanolic hydrogen chloride into the thiol (II; R = Me), 
colourless plates, m. p. 225—227°, which on oxidation by iodine give the disulphide (III; 
R = Me), colourless crystals, m. p. 281—282°. In this series, however, it was found that 
a sample of the phenylhydrazone, when heated in the air at 170—175° for five minutes, 
was converted into the thiol. This confirms the fact that, although the presence of acid 
may accelerate the change (I) ——> (II), it is not essential for this purpose. Furthermore, 
when 3-acetyl(thio-oxindole) was boiled in ethanolic solution with an excess of phenyl- 
hydrazine containing a trace of acetic acid, the disulphide (III; R = Me) was the main 
product. In this case it is probable that the acetic acid initiated the change (I) —-> (II), 
and then the excess of phenylhydrazine may have oxidised the thiol to the disulphide. 
No similar change was detected, however, when thio-oxindole-3-aldehyde was similarly 
boiled with an excess of phenylhydrazine and acetic acid, only the normal phenylhydrazone 
being now isolated. 

In view of the labile nature of the above phenylhydrazones it will be clear that both 
their preparation and the determination of their melting points must be performed with 
great care. 

A reaction analogous to the above formation of the thiols apparently occurs in the 
indole series, for Alberti (Gazzetta, 1947, 77, 398) has shown that the hydrazones (IV) of 
3-acylindoles when heated with sodium ethoxide or hydrazine hydrate also undergo a 
molecular rearrangement, probably with the formation of the corresponding 4-0-amino- 
phenylpyrazoles (V). 


\—£ ALY WN y nag | 
Ox cen 4 ye | a \\cH-CRIN-NHPh aod 4 Sete 
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It is of interest that the phenylhydrazones (VI) of 2-acylthioindoxyls when heated with 
acid lose water with the formation of the corresponding thionaphthenopyrazoles (VII) 
(Barry and McClelland, J., 1935, 471). In this series, the opening of the thiophen ring to 
form a thiol, similar to that which we have recorded, is not possible. 


EXPERIMENTAL 


To determine the m. p. of a new phenylhydrazone or thiol described b-low, a series of tests 
had to be made in which a number of capillary tubes containing the material were plunged in 
turn into a heating-liquid at various temperatures, until a short range of temperature was found 
between failure to melt immediately and immediate fusion. A fresh sample was then immersed 
at the bottom of the range, and the temperature then raised fairly rapidly. 

The Phenylhydrazones (1).—Phenylhydrazine (1 mol.) was added to a solution of the carbonyl 
compound in a minimum of cold ethanol, which was then set aside until crystallisation was com- 
plete. The phenylhydrazone was collected and rapidly recrystallised from ethanol. The pre- 
paration and m. p. of the first two of the following compounds, already described by Glauert 
and Mann (loc. cit.), were checked. Thio-oxindole-3-aldehyde phenylhydrazone, pale yellow 
needles, m. p. 180—181° (effervescence). 6-Ethoxythio-oxindole-3-aldehyde phenylhydrazone, 
bright yellow crystals, m. p. 168—169° (effervescence, followed by solidification and remelting 
at ca. 272°). 3-Acetyl(thio-oxindole) phenylhydrazone, very pale yellow crystals, m. p. 166° 
(Found: C, 68-0; H, 4-6; N, 10-1. C,,H,,ON,S requires C, 68-1; H, 5-0; N, 9-9%). 

When thio-oxindole-3-aldehyde (0-5 g.), phenylhydrazine (0-25 c.c., 2 mols.), and acetic acid 
(0-16 c.c., 1 mol.) had been dissolved in turn in ethanol (?5 c.c.) and the whole boiled under 
reflux for 15 minutes, the clear yellow solution on cooling deposited the phenylhydrazone (I; 
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R =H), m. p. 178° (effervescence) (0-24 g., 64%). No indication of conversion into the di- 
sulphide, which occurs so readily with 3-acetyl(thio-oxindole) in these conditions (see below), 
could be detected. 

All these phenylhydrazones were unaffected by iodine in cold ethanol; they dissolved slowly 
in cold 10% potassium hydroxide, the yellow solution ultimately becoming orange. 

The 4-0-Mercaptophenyl-1-phenylpyrazolones (II).—A solution of the phenylhydrazone in 
boiling ethanol was diluted by one-third of its volume of ethanol previously saturated with 
hydrogen chloride, the yellow solution becoming rapidly paler. The solution was boiled under 
reflux for 5 minutes, and then just sufficient water was added to the boiling solution to start 
crystallisation. After cooling, the thiol was collected, washed with water, and recrystallised 
from ethanol (absolute or aqueous) or benzene. All the thiols were readily soluble in 10% 
aqueous potassium hydroxide, and the solutions gave an intense permanganate colour with 
aqueous sodium nitroprusside solution. 

4-0-Mercaptophenyl-1-phenylpyrazolone (II; R = H) formed very pale yellow needles, m. p. 
195°, from aqueous ethanol or benzene (Found: C, 67:3; H, 46; N, 10-4. C,;H,,ON,S 
requires C, 67:1; H, 45; N, 10:5%). 4-(4-Ethoxy-2-mercaptophenyl)-1-phenylpyrazolone 
formed very pale yellow crystals, m. p. 243°, from ethanol (Found: C, 65-0; H, 5-2; N, 8-665. 
C,,H,,0,N,S requires C, 65:3; H, 5-2; N, 91%). 4-0-Mercaptophenyl-3-methyl-1-phenyl- 
pyrazolone (II; R = Me) formed colourless plates, m. p. 225—227°, from ethanol (Found : 
C, 68-0; H, 5:35; N, 10-0. C,,H,,ON,S requires C, 68-1; H, 5-0; N, 9-9%); this compound 
was also formed when the phenylhydrazone (I; R = Me) was heated at 170—175° for 5 minutes 
in the air. 

The Di-[o-(1-phenylpyrazol-5-on-4-yl)phenyl] Disulphides (III).—These were prepared by 
adding ethereal iodine solution dropwise to a cold agitated ethanolic solution of the correspond- 
ing thiol (II) until a faint permanent iodine colour remained. The solution was then heated to 
the b. p., and water added (when necessary) to initiate crystallisation. The disulphide was 
collected, washed with ethanol, and recrystallised either from a considerable volume of ethanol 
or from aqueous pyridine. Molecular-weight determinations could be made only in camphor 
because the low solubility of the disulphides in other solvents (even when boiling) made such 
determinations unreliable. 

Di-[o-(1-phenylpyrazol-5-on-4-yl) phenyl] disulphide (III; R = H) formed colourless crystals, 
m. p. 257—259°, from ethanol (Found: C, 67-9; H, 4:2; N, 10-9%; M, 505,515. C3 9H,.O,N,S, 
requires C, 67-4; H, 4-1; N, 105%; M, 534). Alternatively, the phenylhydrazone (I; R = H) 
(0-2 g.) was heated in a test-tube at 175—180° in an oil-bath. Gentle effervescence, which 
occurred just above the m. p., was complete in 5—6 minutes, and the melt then rapidly became 
semisolid and remained so during 12 minutes’ total heating. The crude product, when re- 
crystallised in turn from aqueous and glacial acetic acid (charcoal), gave the disulphide, m. p. 
257—259° (alone and when mixed with above specimen) in low yield; the crystals persistently 
retained, however, a pale yellow colour. 

Di-[5-ethoxy-2(1-phenylpyrazol-5-on-4-yl) phenyl) disulphide formed colourless crystals, m. p. 
270—272°, from'aqueous pyridine (Found: C, 65-9; H, 4:95; N, 9-25. C34H,,0,N,S, requires 
C, 65-55; H, 4:9; N, 9-0%); this compound was also readily formed when the corresponding 
phenylhydrazone was heated in the air for 5 minutes at 170—175°. 

Di-[-0-(3-methyl-1-phenylpyrazol-5-on-4-yl) phenyl] disulphide (TII ; R = Me) formed colourless 
crystals, m. p. 281—282°, from ethanol (Found: C, 68-1; H, 4:8; N, 10-0. C,,H,,O,N,S, 
requires C, 68-3; H, 4:7; N, 10:0%). Whena solution of the phenylhydrazone (III; R = Me) 
in ethanol was boiled with an excess of phenylhydrazine containing a few drops of acetic acid 
for 5 minutes, the product consisted almost entirely of this disulphide. 


We are greatly indebted to Dr. R. N. Haszeldine for the spectroscopic investigation, and to 
Imperial Chemical Industries Limited, Dyestuffs Division, for the gift of various intermediate 
compounds. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, February 13th, 1952.) 
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451. An X-Ray and Thermal Examination of the Glycerides. Part 
XII.* Chaulmoogric and Hydnocarpic Acids and their Mono-, 
Di-, and Tri-glycerides. 


By A. Gupta and T. MALKIN. 


In contrast to the behaviour of straight-chain fatty acids, chaulmoogric 
and hydnocarpic acids show no evidence of polymorphism. Their gly- 
cerides, on the other hand, exhibit the same type of polymorphism as do 
the glycerides of straight-chain fatty acids, and exist in a-, 8’-, and $-forms 
(cf. Parts I, II, and III, J., 1934, 666; 1936, 1628; 1937, 1409). X-Ray 
and melting-point data for the various forms are recorded. 


CHAULMOOGRIC and hydnocarpic acids are the major constituent acids of a number of 
oils (chaulmoogra, lukrabo, gorli-seed), extracted from the seeds of various Aydnocarpus 
species of plants of the Flacourtiaceae family. These oils have long been known in the 
East for use in cases of leprosy, but it was not until 1904—1905 that Power and Gornell (/., 
1904, 838, 851) and Power and Barrowcliff (J., 1905, 884) isolated, characterised, and named 
chaulmoogric and hydnocarpic acids, respectively, and showed them to be homologues, 
possessing a normal fatty acid structure, terminated by a cyclopentene ring. Some doubt 
still existed concerning the position of the double bond, and it remained for Shriner and 
Adams (J. Amer. Chem. Soc., 1925, 47, 2727) to establish that chaulmoogric acid was 13- 
cyclopent-2’-enyltridecanoic acid,t and that hydnocarpic acid was the corresponding 
undecanoic derivative. 

Although these acids have been fully investigated, there is very little known about their 
glycerides, the only references to which appear to be that of Wagner-Jauregg and Arnold 
(Ber., 1937, 70, 1459), who prepared an indefinite mixture of diglycerides of chaulmoogric 
and hydnocarpic acids, as intermediates in the synthesis of phosphatides, and that of Bomer 
and Engel (Z. Unters. Lebensm., 1929, 57, 113) who prepared triglycerides of dihydro- 
chaulmoogric and dihydrohydnocarpic acid, and a diglyceride of the former acid. 

We have, therefore, prepared and characterised the 1-mono-, 1 : 3-di-, and tri-glycerides 
of these acids. The first two groups are of importance in the synthesis of the naturally 
occurring mixed glycerides, about which it is hoped to report later. The same two groups 
also offer possibilities as intermediates for the synthesis of antileprosy and/or bactericidal 
compounds. 

A further point of interest is the effect of the terminal ring on the melting points and 
polymorphism of these compounds. It might reasonably have been expected that the 
accommodation of terminal rings in the chain structure would have had a weakening effect 
resulting in lower melting points. The acids, however, in spite of their unsaturation, melt 
only a few degrees lower than the corresponding saturated straight-chain acids (e.g., 
chaulmoogric 68-5°, stearic 71-0°), and very considerably higher than any octadecenoic 
acid [e.g., oleic (cis) 16°, elaidic (trans) 44-5°; octadec-2-enoic (trans), m. p. 59°, has the 
highest melting point reported for this group]. Our X-ray results do not suggest any major 
difference in structure from the straight-chain fatty acids, t.¢., the molecules lie in pairs 
across the 001 plane, and it would seem that the high melting point is due to the absence 
of the weakly binding terminal methy] planes, which, in the majority of long-chain com- 
pounds, are the main cleavage planes. The glycerides similarly melt much higher than 
might have been expected. 

Any effect the terminal ring may have on the polymorphism of these compounds is 
noticeable only with the acids, where polymorphism is absent (cf. the A, B, and C forms of 
straight-chain fatty acids; Piper, Malkin, and Austin, J., 1926, 2310). The glycerides, on 
the other hand, behave normally and exhibit the same type of polymorphism’ as the 
glycerides of straight-chain fatty acids (Parts I, II, and III, J., 1934, 666; 1936, 1628; 


* Part XI, 1951, 2663. + Geneva nomenclature (CO,H = 1). 
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1937, 1409). Thus, the mono-, di-, and tri-glycerides exist in «-, §’-, and 8-forms and, in 
addition, the triglycerides exist in a vitreous form. 


EXPERIMENTAL 


X-Ray and Thermal Examination.—This was carried out as described in Parts I and II. 
Melting-point and X-ray data are given in Table 1. 


TABLE 1. M. p.s and X-ray data for chaulmoogric and hydnocarpic acids and their 








glycerides. 
Long 
spacings 
M. p. (A) Short spacings (A) 
cr tn = n—c"———__—_— ¢ a ——) 
Vitre- 
ous a B’ o: Fe B’ B 
Chaulmoogric acid ... 68-5° — 32-4 _- 3-44w, 3-62w, 3-78vs 
4-42s, 4-61m, 4-74s 
Hydnocarpic acid ... 59-5 — 29-4 —_ 3-44w, 3-62w, 3-78vs 
4-12s, 4-61m, 4-74s 
1-Monochaulmoogrin 53°5° 57-5° 58-5 43-5 38-1 3-8w, 3-98s, 4-58vs 3-9s, 4-1s 
-59 
1-Monohydnocarpin 39:5 47 49 40-0 35-4 3-8w, 4-0s, 4-6vs 3-9s, 4-1s 
1 : 3-Dichaulmoogrin 52 57 59 — 36-7 --- 3-lw, 3-9m, 4-2m, 4-6s 
1 : 3-Dihydnocarpin 42 47 49 — $2-7 3-4w, 3-7m, 4-0m, 4-6s 
Trichaulmoogrin ... 27° 35 41-5 44:5 39-2 39-2 4-0m, 4:3m, 4-6s 4-1s, 4-6s 
Trihydnocarpin ...... 15 24 31 34 36-1 36-0 4-05m, 4-32m,4-6s 4-ls, 458s 


vs = very strong, s = strong, m = moderate, w = weak. 


Chaulmoogric and hydnocarpic acids. The molten acids supercool over 5—6° before solidifying, 
but only one m. p. could be observed for each. Also, after they had been crystallised from a 
variety of solvents and “‘ pressed ”’ or ‘‘ melted ”’ layers and rods, there was no indication of any 
change in the X-ray photographs. The long spacings, 32-4 and 29-4 A respectively, correspond 
to a tilt of the molecules across the 001 planes of 35° 30’ (being calculated from only two mem- 
bers of the series, this is probably not more accurate than +30’). ' 

1-Monoglycerides. The first form to separate from the melt is the «-form which changes 
slowly, at room temperature, into the 6’-form. When the experiment starts with the molten 
glyceride, these are the only forms observed. The high-melting 8-form is obtained by slow 
crystallisation from solvents, and it is not easy to obtain it entirely free from §’-form. In 
contrast to the monoglycerides of straight-chain fatty acids (Part II), whose long spacings 
for ®’- and 8-forms are identical, the long spacings of the two forms are quite distinct, and 
correspond to tilts of 31° for the B-form and 44° for the 8’-form. It was not possible to record 
long spacings of the «-forms, which, before changing to the 8’-form, pass quickly into an inter- 
mediate phase noted in Part II. The short spacing of this form is the same as that given in 
Part II, Plate, Fig. 6, i.e., a strong line at 4-2 A, associated with a few weaker lines close on 
either side. 

1 : 3-Diglycerides. These differ from most other diglycerides in crystallising in large flakes, 
very similar in appearance to straight-chain fatty acids. Under the microscope, between 
crossed nicols, they exhibit a striking spherulite formation. Three distinct forms can be 
detected by the capillary melting-point methods, viz., «, 8’, and 8, but the changes « —-> 8’ —> 8 
are so rapid that only the «- and the @-forms are observed on the cooling and heating curves. 
When the molten glyceride is cooled in a capillary, there is solidification at the «-m. p. and, if the 
temperature is raised when only a small portion has solidified, remelting occurs at the same 
temperature. It is not easy, however, to avoid transition to the §’- and even to the $-form, and 
some repetition is usually necessary to observe the m. p.s of the a- and the §’-forms. X-Ray 
data could be determined only for the stable 8-form, and the allocation of the «-structure to the 
lowest-melting form is based on analogy (cf. Part III, p. 1412). From the long spacings, the tilt 
of the chains is found to be = 50°. 

Triglycerides. When one starts with the molten glycerides, both capillary m. p.s and 
cooling and heating curves show the existence of vitreous, «-, and 8’-forms. The $-form can 
be obtained only by slow crystallisation from non-polar solvents, or by holding the 8’-form 
near its m. p. for some hours. Crystallisation from ethanol or acetone usually gives the 8’-form. 
Cooling curves (cooling jacket from 0° to room temperature) fall to the vitreous m. p. and then 
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rise to the a-m. p. and, if the heating curve is taken when the curve again begins to fall, there is 
a single arrest at the 8’-m. p. Thus, the change « —-> §’ is moderately rapid. Within experi- 
mental error, the long spacings of the ®’- and the $-forms are identical, but the two forms are 
distinguished by their short spacings. Both triglycerides exhibit typical spherulite formation. 

Isolation of Chaulmoogric and Hydnocarpic Acids from Hydnocarpus Oil.—The preparation 
of these acids from various oils has been described by a number of workers (Power et al., loc. 
cit.; Shriner and Adams, loc. cit.; Sacks and Adams, J. Amer. Chem. Soc., 1926, 48, 2395; 
Dean and Wrenshall, ibid., 1920, 42, 2626; Hashimoto, ibid., 1925, 47, 2325; Buu-Hoi and 
Janicaud, Compt. rend., 1941, 212, 577), who either fractionally crystallised the acids obtained 
by saponification of the oil, or fractionally distilled their ethylesters. With the vastly improved 
modern columns, the latter method is much to be preferred, and we obtained excellent results 
using the type of column developed by Floyd Todd (Ind. Eng. Chem. Anal., 1945, 17, 175) 
which, in a single distillation, gave fractions of esters, from which it was possible to obtain 
acids of the highest purity, after a few crystallisations from ethanol and/or light petroleum. 

The fatty acids obtained from hydnocarpus oil by the usual alkaline saponification were 
crystallised once from 80% ethanol to remove the bulk of low-melting and liquid fatty acids, 
and then converted into their ethyl esters (ethanol-sulphuric acid). The set point of the 
mixture was —10°. 140 G. of ester were fractionated as indicated in Table 2. The low set 
points of fraction 3 and 4 are almost certainly due to the presence of the ester of gorlic acid, 
which is known to exist in this oil and differs from chaulmoogric acid only in possessing an 
additional (6: 7-) double bond. This acid is readily separated from chaulmoogric acid by 
crystallisation. Fraction 2 was known to consist mainly of palmitic acid, and was not treated 
further. 


Thermal Examination of the Glycerides. 


TABLE 2. 
M. p Wt. M. p ali 
Set B. p./ Wt. crude pure pure in 
Fraction point 1mm. (g-) % acid acid * acid ¢ CHC, + 
1 —15-5° 164—165° 78 55-7 53° 2-95 59-5 +68-5 
2 —10-5 172—-174 ll 7-9 -— == — — 
3 — 55 177—-178 32 22-8 66-5 3-5 68-5 } 62 
4 — 2-5 178—179 13 9-3 67-5 4-1 68-5 ils 
residue —- — =6 4:3 —- a= a — 


* From 5 g. of ester. Set points, ethyl chaulmoograte, 1-2°; ethyl hydnocarpate —16-8°. 
+ Shriner and Adams (/oc. cit.) give: chaulmoogric acid, m. p. 68—68-5°, [a]p +62-4°; hydno- 
carpic acid, m. p. 59—60°, [a]p +68-3°. 


Chaulmoogroyl Chloride.—ThionyI chloride (3 3c.c. ; freshly distilled over quinoline and linseed 
oil) was added dropwise to molten chaulmoogric acid (6-5 g.), and the mixture was heated for 2 
hours at 80°. After removal of excess of thionyl chloride under reduced pressure, the product 
was distilled in vacuo, to give 6-2 g. of colourless liquid, b. p. 175—180°/5 mm. _ It is important 
to add the thionyl chloride very slowly, otherwise the yield is greatly reduced. 

Hydnocarpoyl Chloride.—This was prepared similarly (b. p. 168—170°/5 mm.) in 89% 
yield. 

isoPropylideneglycerol Chaulmoograte.—To isopropylideneglycerol (0-66 g., 0-005 mole) and 
dry pyridine (2 c.c.) in sodium-dried benzene (20 c.c.) was added, with shaking, chaulmoogroyl 
chloride (1-5 g., 0-005 mole). A copious precipitate of pyridine hydrochloride separated, 
and the mixture was left overnight. After being washed with dilute sulphuric acid and water, 
the benzene solution was dried (Na,SO,) and the solvent removed under reduced pressure. 
Two crystallisations of the ester from ethanol gave colourless needles (1-6 g., 83%), m. p. 30° 
(Found : C, 72:8; H, 10-4. C,,H4,O, requires C, 73-0; H, 10-65%). 

1-Monochaulmoogrin.—The above ester (1-3 g.) in ether (10 c.c.) was cooled in an ice-bath, 
and ice-cold concentrated hydrochloric acid (10 c.c.) was added slowly with vigorous shaking. 
From the mixture, which at first appeared to be quite homogeneous, there soon began to separ- 
ate a white precipitate. The mixture was kept for $ hour in the ice-bath with frequent shaking, 
after which ice-cold water (50 c.c.) was gradually added to complete the precipitation. The 
precipitate was collected, washed free from mineral acid with water, and dried in vacuo over 
calcium chloride. After two quick and one slow crystallisations from ether, there remained 
colourless 1-monochaulmoogrin, m. p. 58-5—59° (1 g., 90%), [«]}® +50° (in chloroform) (Found : 
C, 70-8; H, 10-6. C,,H 3,0, requires, C, 71-1; H, 10-7%). 

1-Monohydnocarpin.—This glyceride, prepared similarly (yield, 78%), had m. p. 49°, [a], +54° 
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(in chloroform) (Found : C, 70-1; H, 10-4. Cy, 9H;,O, requires, C, 70-0; H, 10-4%). The inter- 
mediate isopropylideneglycerol hydnocarpate was obtained an an oil in 94% yield, and was 
converted directly into monohydnocarpin. 

1 : 3-Dichaulmoogrin.—To 1-monochaulmoogrin (1-5 g.) in dry benzene (30 c.c.) was added 
dry pyridine (3 c.c.) and then gradually slightly more than one mol. of chaulmoogroyl chloride 
(1-4 g.). Next morning the mixture was refluxed for 2 hours, washed with dilute sulphuric 
acid and water, dried (Na,SO,), and evaporated. Two crystallisations from ethanol and two 
from hexane yielded the diester as flakes (1-5 g., 57%), m. p. 59°, [a]if +58° (in chloroform) 
(Found: C, 76-0; H, 10-8. C,,H,,O, requires C, 76-0; H, 11-0%). 

1 : 3-Dihydnocarpin.—1 : 3-Dihydnocarpin, prepared similarly (50%), had m. p. 49°, [a]}§ 
+61-9° (Found: C, 74:7; H, 10-6. C3;H,,O, requires C, 74-9; H, 10-7%). 

Trichaulmoogrin.—To 1-monochaulmoogrin (0-9 g.) in dry benzene (30 c.c.) was added dry 
pyridine (4 c.c.) and then gradually chaulmoogroy]l chloride (2-15 g.). Next morning the mixture 
was refluxed for 4 hours. Working up as above gave the triester. Two crystallisations from 
ethanol and two very slow crystallisations from benzene—ethanol (1 : 2) gave asbestos-like needles 
(1-9 g.), m. p. 44°5°, [a]? +56-4° (Found: C, 77-8; H, 10-9. C,,H,sO, requires C, 77-9; H, 
11-1%). 

Trihydnocarpin.—Trihydnocarpin was prepared similarly in a 90% yield, with m. p. 34°, 
fa}? +61-1 (Found: C, 76:8; H, 10-7. C,,H,,O, requires C, 77-0; H, 10-8%). 

Direct esterification of glycerol with these acids in the presence of catalysts (toluene or 
camphorsulphonic acid) gave unsatisfactory products and yields. 


We thank the Royal Society for a grant, and gratefully acknowledge gifts of hydnocarpus 
oil from Burroughs Wellcome and Company. 
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452. The Effect of Structure of Diacyl Peroxides on their Radical- 
induced Decomposition in Vinyl Monomers. 


By W. Cooper. 


Polymerisation data have been used to calculate the rates of reaction of 
radicals derived from a monomer with the diacyl peroxides used as catalysts. 
The results have been expressed as transfer coefficients, which for substituted 
dibenzoyl peroxides in styrene increase with increasing negativity of the 
substituent. Nitro-substituted peroxides gave anomalous results, and it is 
suggested that in these cases a resonance-stabilised peroxide—radical complex 
is formed, which can participate in a termination reaction. ‘ 

Aliphatic diacyl peroxides have small radical-induced decomposition 
reactions except when they contain conjugated double bonds. In these 
cases there is a marked increase. Comparison of the polymerisation data 
with the overall rates of decomposition shows that with aliphatic diacyl 
peroxides some of the peroxide decomposes without taking part in the 
polymerisation. 

The behaviour of several peroxides in different monomers indicates that 
the magnitude of the radical-induced decomposition is not determined solely 
by the reactivity of the monomer radical. 


It is well established that when diacyl peroxides decompose in solution some of the free 
radicals formed react with the peroxide (Cass, J. Amer. Chem. Soc., 1947, 69, 500; Bartlett 
and Nozaki, ibid., 1946, 68, 1686). The rate of this radical-induced decomposition is 
greatly dependent on the structure of the radicals derived from the solvent and this partly 
explains the wide variations in rate of decomposition of a peroxide in different solvents. 
In some cases the radical-induced reaction can be repressed by the use of reactive solvents 
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or by the presence of certain polymerisation inhibitors (Swain, Stockmayer, and Clarke, 
ibid., 1950, 72, 5426). Qualitative observations by Swain et al. (loc. cit.) and by Blomquist 
and Buselli (ibid., 1951, 78, 3883) have shown that negative substituents in dibenzoyl 
peroxide increase the rate of the radical-induced decomposition, but there has been no 
systematic study of the influence of peroxide structure on this reaction. 

When a peroxide decomposes in a polymerisable monomer, its radical-induced 
decomposition, which is a transfer reaction, does not influence the rate of polymerisation, 
but reduces the chain length of the polymer formed. It is readily shown that if the radicals 
from the peroxide are highly active the transfer coefficient of the peroxide Cy(= Rtr/Rp, 
where kj, and k, are the velocity constants for the radical-induced and chain propagation 
reactions respectively), which is a convenient way of expressing the magnitude of the 
radical-induced reaction, is given by 


Cy = M/C{(1/Pa — Cm) — KRe] 


for the initial stages of the polymerisation. Cm(= h,’/kp, where k;’ is the velocity constant 
for the reaction between growing polymer chains and the monomer) is the monomer transfer 
constant; P, is the number average degree of polymerisation; M and C are the 
concentrations of monomer and catalyst respectively; R, is the rate of the catalysed 
polymerisation (the effect of the thermal polymerisation has been ignored); K = 
fk,/kp?M*, where k is the velocity constant for chain termination. The value of f is 4 if 
deactivation occurs by combination and 1 if the growing polymer chains are 
disproportionated. 

It would be possible to calculate C, directly from the above equation if an accurate 
value of K could be obtained from other data. This is as yet not possible since there is 
agreement neither as to the value of k,?/k, nor as to the way in which the chains deactivate 
one-another (Matheson, Auer, Bevilacqua, and Hart, ibid., p. 1701; Mayo, Gregg, and 
Matheson, ibid., p. 1691). Moreover, it is obvious that as C, is obtained by the difference 
of two numbers of comparable magnitude its value will be greatly affected by the value 
assigned to K. However, C, has been determined for dibenzoy] peroxide by an independent 
method (Mayo et al., loc. cit.), and this may be used for calculation of K. In this way 
dibenzoyl peroxide is the reference compound for the whole series and the effect of changes 
in structure may readily be seen. 

The following data on the polymerisation of styrene at 70°, with dibenzoyl peroyide as 
catalyst, were used for determination of K: C, = 0-075; Cy = 0-85 x 10°, calculated 
from values given by Mayo et al. (loc. cit.) on the assumption that Ey, — E, = 3-5 kcal./mole 
and E,’ — E, = 7-7 kcal./mole [the values for the activation energies were obtained from 
the data of Bartlett and Nozaki (loc. cit.) and Bamford and Dewar (Discuss. Faraday Soc., 
1947, 2, 311)]; R, = 1-265 x 10 mole 1. sec.1; P, = 970 (from [yn] = 0-69, by use of 
the relation P, = 1610[n]}'87; Mayo et al., loc. cit.); M = 8-28 mole/l.; and C = 
0-014 mole/1. 

Substitution of these values gives K = 6-5 mole 1. sec., which will be used throughout. 


The principal errors in using the equation are likely to be in the calculation of P,. 
Small amounts of impurities in the peroxide, or a rapid rate of decomposition, will make 
the value of P, rather dependent on the degree of conversion. However, its utility may be 
shown by calculating C, for dibenzoyl peroxide at 70° over a range of catalyst 
concentrations. The agreement between the results shown in Table 1 is reasonable, an 
acceptable figure from the five values being 0-07 + 0-02. The accuracy of the relation 
would be better with larger values of C,, but for very small values its accuracy will fall off 
greatly. 


TABLE l. 

Cc 104R, [n] P, Co Cc 10#R, [9] P, ‘Ge 
0-0070 0-903 0-90 1390 0-070 0:0550 2-49 0-38 435 0-089 
0-0209 1-54 0-59 800 0-057 0-0950 3-48 0-28 315 0-066 
0-0415 2-17 0-45 550 0-078 








2410 Cooper: The Effect of Structure of Diacyl Peroxides on 


Substituted Diacyl Peroxides.—In Table 2, p- and m-substituents are listed in order of 
increasing negativity, and it is seen that there is a corresponding increase in the values 
of C,. 

The trend is in the reverse direction to that found for the rates of the primary 
decomposition (Cooper, J., 1951, 3106; Swain et al., loc. cit.). Where special resonance 
stabilisation may occur, as discussed below, the radical-induced reaction may be very 
large, but in all cases withdrawal of electron density from the region of the carbonyl group 
and peroxide link increases the rate of the reaction. It is very difficult to give an adequate 
explanation for this effect. The most probable site for attack on the peroxide would be 
at the carbonyl group. Davison (jJ., 1951, 2456), however, has shown from infra-red 
examination of the peroxides that the strength of the carbonyl group is increased by 
negative substituents. From this it appears that polarity alone does not determine the 
magnitude of the radical-induced reaction; this is further discussed in the case of the 
nitro-substituted peroxides. 


TABLE 2. 

Substituent 104R, [7] Fa Cy Substituent 104R, [7] Pa Cy 
p-But 1-695 0-64 870 ~0 m-F 0-910 0-66 910 0-246 
p-OMe 2-050 0-51 640 0-074 m-I 0-910 0-65 890 0-262 
p-Me 1-570 0-65 890 0-003 m-Cl 0-910 0-59 790 0-346 
3:4-Benzo 1-330 0-60 800 0-178 m-Br 0-925 0-53 675 0-465 

H 1-265 0-69 970 0-075 p-CN 0-900 0-42 490 0-804 
p-O-CO,Me 11-163 0-62 840 0-208 m-NO, 0-380 0-125 93 6-2 
p-OAc 1-200 0-63 850 0-187 p-NO, 0-215 0-11 79 7-4 
p-F 1-100 0-63 850 0-219 
p-Cl 1-110 0-63 850 0-216 o-Me 2-515 0-42 490 0-175 
p-Br 1-090 0-65 890 0-193 o-F 1-520 0-46 565 0-40 
p-I 1-110 0-58 765 0-293 o-Cl 2-580 0-22 200 1-91 

o-Br 4-420 0-18 150 2-17 


ortho-Substituents lead to a substantial increase in the value of C,, but when this is 
compared with the increased rate of primary decomposition it is seen that the fraction of 
peroxide decomposing by the radical-induced reaction is not greatly different from that 
of the p- or m-isomers. 

In the determination of C, by this method it is important to note that reliable results 
are obtained only if the rate of reaction of the radicals from the peroxide with the monomer 
(kp’) is equal to or greater than that of the chain propagation reaction (kp). That this 
is so for most of these catalysts is shown by the fact that they give linear relations between 
R, and /C in vinyl monomers, including vinyl acetate for which &, is large. It follows 
therefore that the peroxide radicals are highly active and that k,’ is very large. Moreover, 
it may be calculated, following Ri and Eyring (J. Chem. Physics, 1940, 8, 433), that the 
polarisation effect of a substituent would have a negligible effect on the activation energy 
for the reaction of a free radical with styrene (the fractional electronic charge on 
the $-carbon atom of styrene is not greater than 0-1 x 10°! e.s.u.; hence the energy 
change brought about by a substituent on an attacking radical will be very small). 

It was not found possible to obtain satisfactory results with the nitro-substituted 
peroxides. The reaction rates were abnormally small and, therefore, the calculated 
transfer constants were too large. It is of some interest to consider the manner by which 
these compounds inhibit the polymerisation. There is no doubt but that nitro-substituted 
aryl or acyloxy-radicals are of fairly high activity. They can attack relatively inert 
aromatic solvents such as benzene (Hey and Walker, J., 1948, 2213) and it is difficult to 
visualise any way in which the nitro-group could stabilise free radicals of this type by 
resonance effects. It is necessary to assume that the radicals produced in the induced 
decomposition are of low activity or that there is a rapid termination reaction between 
the monomer and peroxide radicals. As regards the first suggestion, free-radical attack 
on the nucleus to give stable radicals could occur in the way suggested by Price 
(Ann. N.Y. Acad. Sci., 1943, 44, 367), since Wheland’s calculations (J. Amer. Chem. Soc., 
1942, 64, 900) show that a nitro-group activates meta-positions in the nucleus to attack by 























[1952] their Radical-induced Decomposition in Vinyl Monomers. 2411 
a free radical. Alternatively, reaction could occur at the carbonyl groups in the peroxide 


with resonance stabilisation of the intermediate complex. For example, with di-p-nitro- 
benzoyl! peroxide the following reaction is suggested. 


Oy + ae. » 5 
(p-NO,C,HyCO,), + R- php 
Orn + <> 
Ni S=C—O: + R’O 
-SY = 7 
-/ — 6- = | Rt 


p-NO,C,H,-CO,R 





R* 
R: is a styrene polymer radical, and R’ = p-NO,°C,H,°CO. 


Attack may be facilitated by favourable energy contributions from the R* ion in the 
way suggested by Walling and Mayo (Discuss. Faraday Soc., 1947, 2, 295) and may 
account for the specific character of the radical-induced reaction. An interesting feature 
of this scheme is that an oxygen atom from the peroxide link is the carbonyl oxygen atom 
in the ester molecule formed. 

The fact that di-m-nitrobenzoyl peroxide decomposes more rapidly in styrene than in 
benzene, notwithstanding the usual inhibiting effect of styrene on such reactions (Swain 
et al., loc. cit.), suggests that some such interaction occurs. Moreover, when this peroxide 
was decomposed in styrene no less than 77% was isolated as m-nitrobenzoic acid and 
most of this (83°) was combined with the polymer. 

The abnormal relation between the rate of polymerisation and catalyst concentration 
would also be explained by the presence of a stable intermediate complex which could 
participate in a termination reaction with growing polymer chains. The total free-radical 
concentration and, therefore, the reaction rate, would be greatly reduced. The retarding 
effect would be dependent on the relative velocities of unimolecular breakdown into a free 
radical and an ester molecule and termination with a polymer radical. In extreme cases 
the rate of polymerisation would be almost independent of the catalyst concentration as 
is found, for example, in the case of di-m-nitrobenzoyl peroxide (Cooper, Nature, 1948, 
162, 927). An alternative explanation which cannot be excluded is a rapid “ crossed ”’ 
termination reaction between the polymer radicals and catalyst radicals (Arlman, Melville, 
and Valentine Rec. Trav. chim., 1949, 68, 945). This type of reaction would also cause a 
marked decrease in the rate of polymerisation. 

Determination of C, at different temperatures should give its temperature coefficient. 
It should be relatively small, however, since Ey, is not greatly different from E, (EC, = 
E., — E,). The results given for dibenzoyl peroxide at various temperatures in Table 3 
bear this out. The appropriate values for C,, and K at the different temperatures were 
calculated from EF,’ = 14 kcal./mole, E, = 6-5 kcal./mole, and E, = 2-8 kcal./mole 
(Bamford and Dewar, loc. cit.); C = 0-014 mole/I. in all cases. 


TABLE 3. 

Temp. 104R, [y] P,¢ Cp Temp. 104R, [n) Ps Cp 
40° 0-063 1-59 3040 =: 0-075 70° 1-265 0-69 970 0-075 
50 0-180 1-18 2030 3=- «0-091 80 3-00 0-50 616 0-166 
60 0-480 0-87 1330 =: 0-125 


* The same [n]—P, relation has been assumed for all temperatures. 


There is a definite tendency for C, to increase slightly with rise in temperature, but the 
results are insufficiently accurate for an estimate to be made of the energy of activation of 
Cy, which would only be of the order of 2—3 kcal./mole. 
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Aliphatic Diacyl Peroxides.—Straight-chain, saturated diacyl peroxides have similar 
values of C,, although there is an increase as the series is ascended. 

The results for dioctanoyl peroxide may be taken as an example: 10*R, = 2-17; 
[n] = 0-48; P, = 595; C, = 0-098. 

The values for the other peroxides in this group were : 


4 6 12 14 16 18 
ig a cinocccnccssrnctsocnesacedosmastsbsecnvenees ~0 0-018 0-166 0-024 0-116 0-142 0-154 


Unsaturation distant from the carbonyl group was without effect; for example, for 
dioleoy] peroxide C, = 0-154, and for dihendec-10-enoyl peroxide C, = 0-065. When 
conjugated groupings were present the effects were very pronounced. 

Conjugation of an ethylenic bond with the carbonyl group has a small effect, but two 
double bonds in the side chain considerably increase the transfer constant. The increase 
is more marked wher there is conjugation with a benzene ring, as in dicinnamoy] peroxide. 
[Reduction of the aliphatic double bond, to give bis-8-phenylpropionyl peroxide, reduces 
the transfer constant to that of a normal, short-chain, saturated acyl peroxide (C, ~ 0).] 
Further conjugation, in bis-5-phenylpenta-2 : 4-dienoyl peroxide, gives very high values, 
although here the rate of polymerisation appears to be anomalously low. The results are 
summarised in the following Table : 


Peroxide Cy Peroxide Cp 
RO OIIYE cccrescessssescsevsseevesesecs 0-146 ID vciikcnssnctigeueisiensiziseses 1-10 
Dihexa-2 : 4-dienoyl ..............+00000+ 1-19 Bis-5-phenylpenta-2:4-dienoyl ... 5-24 


The effects of unsaturated groupings are observed in other types of peroxides. For 
example, $-carbo-tert.-butoxyacryloyl peroxide gave the expectedly high value of C, = 
1-52, typical of an unsaturated acyl grouping. On the other hand the not dissimilarly 
constituted o-carbo-tert.-butoxybenzoyl peroxide gave Cy = 0-018, which is what might be 
expected for the aromatic grouping. 

The influence of heterocyclic groupings is not readily predicted. Difuroyl peroxide is 
a very inefficient polymerisation catalyst (Frank, Blegen, and Deutschmann, J. Polymer 
CO Sct., 1948, 3, 58); the heterocyclic peroxide (I) is of high activity (C, = 

(: fc ' 0:23 at C = 0-0025 mole/l.). 
ra It is necessary to examine these unsaturated peroxides in more detail, 
“4 2 as it is possible that they may act as co-monomers in addition to being 
(t) polymerisation catalysts. If this is so, their chain-terminating effect 
may be due to the formation of end groups which are inefficient in attacking further 
monomer molecules. This could result in complications of chain branching and in other 
chain-termination reactions. The effect of changes of catalyst concentration and 
temperature on reaction rate and chain length were studied for dicinnamoyl] and bis- 
5-phenylpenta-2 : 4-dienoyl peroxides, and, for comparison, dibenzoyl peroxide (Figs. la 
and 6 and 2a and b). Dicinnamoy] peroxide initiates the polymerisation normally but bis- 
5-phenylpenta-2 : 4-dienoyl peroxide gives a non-linear relation; the overall activation 
energy of the polymerisation, however, does not vary appreciably with the three peroxides. 
The effect on chain length is more marked, and deviation from linearity for the two 
unsaturated peroxides is evidence of the radical-induced decomposition. With these two 
peroxides the small effect of change of temperature on the chain length compared with the 
normal case of dibenzoyl peroxide shows the chain-termination step to have low activation 
energy. It is considered that, in the case of bis-5-phenylpenta-2 : 4-dienoyl peroxide, 
resonance stabilisation of the peroxide facilitates attack by the monomer radicals, giving 
intermediate complexes which terminate growing chains. The behaviour of the peroxide 
in other ways in the polymerisation appears to be quite normal. Mr. C. E. Kendall has 
carried out an ultra-violet spectroscopic examination of the polymer catalysed by 
this peroxide. Maxima at 302 and 325 my show that the polymer contains hydrocarbon 
and ester end groups derived from the peroxide. Hydrolysis of the polymer removes the 
ester absorption (the identity of this absorption was proved by comparison with ethyl 
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5-phenylpenta-2 : 4-dienoate). The extinction coefficients, by comparison with the pure 
reference compounds, show that the ester groups predominate over the hydrocarbon end 
groups (in the ratio of 1-6 : 1) as would be expected from the large radical-induced reaction, 
and that there is one end group to 34 styrene units. Viscosity measurements on the same 
polymer give 40 monomer units to each end group. 

Further information can be derived by comparing the catalyst taking part in the 
polymerisation with that actually decomposing (ka). The total amount of peroxide taking 
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(a) Chain length. (b) Polymerisation rate. 


AA’ 70°; DD’, 0-014 mole/l. 
BB’, 50°; EE’, 0-025 mole /l. 
CC’, 70°; FF’, 0-010 mole/l. 


@ Dibenzoyl peroxide. 
© Dicinnamoyl peroxide. 
+ Bis-5-phenylpenta-2 : 4-dienoyl peroxide. 


part in the polymerisation, when expressed as a “‘ first-order ’’ velocity constant, is given by 
hi + CokpV 2RiC/h.* Values of & were taken from the rates of polymerisation (Cooper, 
loc. cit.) and kp/+/k from Bamford and Dewar’s data (loc. cit.). The results given below 
are at C = 0-014 mole/l. and, except where stated, at 70°. It is seen that with the 
aliphatic diacyl peroxides there is a considerable difference between the values for peroxide 


* This is an approximation, a single value being assumed fork. The polymerisation actually involves 
several termination reactions, but there is little error if the catalyst radicals are of high activity. 
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taking part in the polymerisation and that for peroxide decomposing. Redington (loc. cit.) 
observed this in the case of dilauroyl peroxide, using the rates of polymerisation and 
peroxide decomposition. His identification of the ‘‘ wasted’’ catalyst with a radical- 
induced decomposition is, however, unjustified. Both reaction rate and chain-length 


Peroxide (ky + CykyV2hiC]kt) x 108, sec? — kg X 108, sec. 
ORO) .chvirrivvescvessindescesssiessorveveses 8-0 9-1 (a) 
ee eee 8-2 10-3 (a) 
Bis-B-phenylpropiony] ..............0.eeeeeees 20-5 55 (0) 
EOE pn visesccarressccccorssscscsbresnessons 19-2 52 (a) 
SPRUNG. sp ibncibadscccdkcivenssisascasieassess 41-0 167 (b) 

a MND? aaneradunsaesvaneseesess 3-6 12-0 (b) 
Bis-5-phenylpenta-2 : 4-dienoyl ............ (28) 218 (bd) 
Biephenyiacety! (at 0°) .......cscccsrccserccees (28) 78 (b) 


(a) Redingtom, J. Polymer Sci., 1948, 3, 503. (b) Author, unpublished results. 


determinations show that dilauroyl peroxide initiates polymerisation about 2-5 times as 
fast as dibenzoyl peroxide, whereas it decomposes about five times as fast as the latter. 
These results are comparative and such a large discrepancy cannot be explained by errors 
in experiment or in the values of the absolute velocity constants assumed for calculation, 
and it must be concluded that some other reaction occurs. The two most probable are 
ionic fission of the peroxide link and decomposition of the peroxide into inactive products 
in the ‘‘ cage ’’ reaction suggested by Matheson (J. Chem. Physics, 1945, 18, 584). 

It is improbable that the rate of reaction of a free radical with a peroxide is determined 
solely by the activity of the free radical involved. This is supported by experiments 
carried out in different monomers (Table 4). The results show several features of interest. 
Dicinnamoyl peroxide behaved as would be expected. It had a comparable catalytic 
activity in styrene and methyl methacrylate, but was a very inefficient catalyst for the less 
reactive vinyl acetate. (Dicinnamoy] peroxide has, in fact, a marked retarding effect on the 
polymerisation of vinyl acetate catalysed by dibenzoyl peroxide.) Di-2: 3: 4: 5-tetra- 
chlorobenzoyl peroxide, however, behaves normally in methyl methacrylate and vinyl 
acetate (dimyristoyl peroxide being taken as a reference compound) whereas in styrene there 


TABLE 4. 
Methyl 
Styrene * methacrylate ® Vinyl acetate 
Peroxide 104R, {] * 104R, [y] * 104R, [n] * 
I acsisegcevsisexesecaseeutes 2-06 0-49 1-30 1-75 2-30 1-37 
NINN 5 scsi nt cudeusaciticecash 2-53 0-42 _ —- 2-74 0-24 
SIND. cshccauituasaciancbivevanes 1-92 0-31 1-32 1-40 0-07 0-06 
Di-2 : 3: 4: 5-tetrachlorobenzoyl... 1-390 0-06 1-22 ¢ 1-80 1-58 ¢ 0-69 


* At 70°; 0-014 mole/l. * At 60°; 0-010 mole/l. ¢* At 50°; 0-005 mole/l. 4 0-0039 mole/l1. 
0-0017 mole/1. 


* Intrinsic viscosities determined in benzene solution. 


is a marked chain-transfer reaction. Dibut-2-enoyl peroxide initiates the polymerisation 
of styrene and vinyl acetate normally but terminates the reaction chains in the latter 
monomer; it is possible in this case that the peroxide may act as a monomer of low 
reactivity. These examples show clearly that generalisations concerning radical-catalyst 
interaction can be made only with great caution. 


EXPERIMENTAL 

The preparation of the peroxides and the measurement of the polymerisation rates have been 
described previously (Cooper, locc. cit.). 

The polymer was purified by precipitation by alcohol from a 1—2% solution in carbon 
tetrachloride. After filtration and washing with alcohol, it was dried at room temperature 
im vacuo, and then in an oven at 70°. 

The intrinsic viscosities were obtained from the flow times of benzene solutions in Ostwald 
viscometers (kinetic-energy corrections were not introduced since the Reynolds numbers of 
the systems examined were low—ca. 10). 
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The temperature of the bath was 32-385° + 0-005°. 

The intrinsic viscosities were found graphically from plots of (7,,/c) — c, log, 4,/¢ — c, and 
Nso/C — Np; all gave substantially the same value for [y] (concn.: g./100 ml.). 

Decomposition of Di-m-nitrobenzoyl Peroxide in Styrene.—Di-m-nitrobenzoyl peroxide 
(2-034 g.) in styrene (100 ml.) was heated at 70° for 6 hours and then at 100° for 1 hour. 
m-Nitrobenzoic acid (0-275 g.) was obtained by extraction with potassium hydrogen carbonate 
solution. A further quantity of m-nitrobenzoic acid (1-297 g.) was obtained by hydrolysis with 
alcoholic potash of the polystyrene (6-873 g.; [y] = 0-046) isolated from the styrene solution by 
precipitation with alcohol. 

5-Methyl-1-phenyl-1 : 2 : 3-triazole-4-carboxyl Peroxide.—The acid (m. p. 151°) was obtained 
by Dimroth’s method (Ber., 1902, 35, 1029), and the acyl chloride (m. p. 132°) was obtained 
from it by treatment with thionyl chloride (Found: Cl, 16-4. Calc. for C,,H,ON,Cl: Cl, 
160%). The acyl chloride (1-5 g.) in ether was shaken with sodium peroxide (1-0 g.) in ice- 
water. The white precipitate of peroxide was filtered off (0-4 g.) and recrystallised from 
chloroform. It had m. p. 166° (decomp.) [Found (mean of several analyses by Mr. G. L. Coulter): 
C, 59-4; H, 4:2; N, 20-6. C,9H,,0O,N, requires C, 59-4; H, 4:0; N, 208%]. Its identity 
was proved by hydrolysis to the acid. 


The author thanks Mr. C. E. Kendall for the ultra-violet spectroscopic examination of the 
polystyrene, and the Dunlop Rubber Company Limited for permission to publish this paper. 
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453. Action of Aluminium Chloride on Derivatives of 
o-Benzoylbenzoic Acid. 


By G. BADDELEy, G. HoLt, and S. M. MAKAR. 


At least one derivative of anthraquinone is obtained when each of a 
series of substituted o-benzoylbenzoic acids is treated with aluminium 
chloride. Some of the acids are susceptible to isomerisation and afford 
anthraquinones after migration of substituents. o-(2: 4: 6-Trimethyl- 
benzoyl)- and o-(2 : 3: 5: 6-tetramethylbenzoyl)-benzoic acid readily provide 
isomeric acids which are amenable to ring closure. o0-(6-Hydroxy-2 : 4-di- 
methylbenzoyl)- and o-(2 : 4-diethyl-6-hydroxybenzoy]l)-benzoic acid rearrange 
to the corresponding o0-(3 : 4-dialkyl-6-hydroxybenzoyl)-benzoic acids which 
can be cyclised to the corresponding 1 : 2-dialkyl-4-hydroxyanthraquinones. 
The factors which determine the products of reaction are discussed. 


o-AROYLBENZOIC ACIDS are readily obtained by saturating a solution of phthalic anhydride 
in methylene or ethylene chloride with aluminium chloride (2 mols.) and adding the 
solution of the complex to an aromatic hydrocarbon (see Experimental); they afford 
anthraquinone derivatives by fusion with excess of aluminium chloride (Kranzlein, 
*‘ Aluminium Chlorid in der Organischen Chemie,’’ Verlag Chemie, Berlin, 1932, 
p. 53; cf. Gleason and Dougherty, J. Amer. Chem. Soc., 1929, 51, 310). The latter 
application of the chloride is especially important when, owing to ready sulphonation, 
ring closure cannot be produced by sulphuric acid; the chloride is, however, a well-known 
agent of isomerisation and, therefore, may not convert derivatives of o-benzoylbenzoic acid 
into the corresponding derivatives of anthraquinone. In particular, as o-alkylaryl ketones, 
including 2-alkylbenzophenones, can be irreversibly isomerised by fusion with excess of 
aluminium chloride (J., 1944, 232), 0-o’-alkylaroylbenzoic acids may not provide the 
corresponding l-alkylanthraquinones. Further, as 2: 6-dialkylaryl ketones are readily 
isomerised, for example, acetylmesitylene (I) provides first acetylpseudocumene (II) and then 
5-acetylhemimellitene (III), 0-2 : 6-dialkylaroylbenzoic acids may change into the 2: 5- 
and 3: 5-isomers which may then provide anthraquinone derivatives. All these 
possibilities have now been realised; the data are assembled in the table and the reactions 
are illustrated in the scheme on p. 2417. 








2416 Baddeley, Holt, and Makar: Action of Aluminium Chloride on 


Ring closures effected through sulphuric acid were not accompanied by isomerisation 
and provided anthraquinones which were used for identifications. Sulphonation occurs 
only when 0-(2: 4 : 6-trimethylbenzoy]l)- and 0-(2 : 3 : 5 : 6-tetramethylbenzoyl)-benzoic acids 


Products of interaction of 0-aroylbenzoic acids (o-Ar-CO-C,H,°CO,H) and 
aluminium chloride. 





sad , Products 
Initial acid ¢ A“ " 
Ar-CO- in Time Ar-CO- in Anthraquinone 
o-Ar-CO-C,H,’°CO,H Temp. (hrs.) o-Ar-CO’C,H,°CO,H derivative 
2 : 5-Me,C,H;°CO- ...... 165° 1-5 - = 1 : 3- and 1 : 4-Me,- 
NT Ele, ~ cilehaia 220 1-5 oo 1: 3- and 1 : 4-Me,- 
2 : 4-Me,C,H,°CO- ...... 175 1 “= 1 : 3-Me,- (88%) 
2 : 6-Et,C,H,°CO- _...... 160 2 = 1 : 3-Et,- (90%) 
et 6-Me,C,H,*CO- 160 1 3:4: 5-Me,C,H,°CO- (16%) 1: 2: 3-Me,- (80%) 
‘i i Oe 1 2:4: 5-Me,C,H,°CO- (96%) 1:2: 4-Me,- (4% 
2:4: 5-Me,C,H,°CO- ... 135 1 3:4: 5-Me,C,H,°CO- (20%) 1: 2: 3-Me,- (55%) 
2:3:5: 6-Me,C,H-CO- 165 2 = 1:2:3: 4-Me,- (95%) 
a 105 3 2:3:4: 5-Me,C,H-CO- (70% 1:2:3:4-Me,- (28%) 
6-OH-2 : 4-Me,C,H,°CO- 100 1 6-OH-2 : 4-Me,C,H,*CO- (99%) — 
‘a 155 3 6-OH-3 : 4-Me,C,H,°CO- (17%) 4-OH-1 : 2-Me,- (80%) 
+“ 175 3 = + (96%) 
6-OH-3 : 4-Me,C,H,°CO- 165 1 6-OH-3 : 4-Me,C,H,*CO- (22%) a (78%) 
6-OH-2 : 4-Et,C,H,*CO- 105 4 6-OH-3 : 4-Et,C,H,*CO- (90%) 4-OH-1 : 2-Et,- (10%) 
- 170 3 == ” (80%) 


The yields are only approximate, and differences of less than 5% are not significant. 


(X and XIII) are warmed with sulphuric acid; these reactions are further illustrations of 
the anomalous susceptibility of aromatic ketones to electrophilic substitution when the 
mesomeric effect of the carbonyl group is sterically inhibited by bulky groups in the o- and 
the o’-position (Nature, 1939, 144, 444). Sulphonic acids are also obtained by the action 
of sulphuric acid on the o-(6-hydroxy-2 : 4-dialkylbenzoyl)benzoic acids (XIX). 

None of the anthraquinones is affected by fusion with aluminium chloride; the 
isomerisations are consequent upon attack by a proton, provided by hydrogen chloride in 
the presence of aluminium chloride (J., 1950, 994), and are a feature of the o-aroylbenzoic 
acids. These are affected by the electrophilic attack largely as a consequence of steric 
inhibition of mesomerism (loc. cit.); for example, o-(2 : 4 : 6-trimethylbenzoyl)benzoic acid 
(X) provides first the 2 : 4 : 5- (XI) and then the 3 : 4 : 5-isomer whereas the anthraquinones 
are protected by the mesomeric effect of carbonyl groups which are coplanar with the 
benzenoid rings. The products of fusion with aluminium chloride are determined, there- 
fore, by the relative rates of isomerisation and of ring closure of the o-aroylbenzoic acids. 

Earlier work (loc. cit.) showed the ethyl group to be more mobile than the methyl group ; 
for example, 2-ethylacetophenone provides the 3-isomer by intramolecular migration of 
the ethyl group while 2-methylacetophenone affords the 4-isomer by displacement of the 
acetyl group; this difference in mobility is now illustrated by the formation of only 
1 : 3-diethylanthraquinone from o-(2 : 5-diethylbenzoyl)benzoic acid (VII —-> VIII), 2.e., 
isomerisation is complete, whereas o-(2 : 5-dimethylbenzoyl)benzoic acid is only partially 
isomerised and affords a mixture of 1:4- and 1: 3-dimethylanthraquinone (IV —>» 
V+ VI). [Quayle and Reid (J. Amer. Chem. Soc., 1925, 47, 2357), using a mixture of 
diethylbenzenes, obtained a diethylanthraquinone which they considered might be the 
1: 3-isomer; it melted at 83—85° whereas our sample melts at 123—124° and affords 
anthraquinone-1 : 3-dicarboxylic acid by oxidation with nitric acid.] The 2-methyl group 
of 2 : 5-dimethylaryl ketones is more mobile than that of the corresponding 2 : 4-isomers as 
electrophilic attack by a proton at the 2-position of the benzene ring is aided more by a 5- 
than by a 4-methyl group; this difference is now illustrated by the partial isomerisation of 
o-(2 : 5-dimethylbenzoyl)benzoic acid while, under comparable conditions, the 2 : 4-isomer 
does not isomerise (IX —-» VI). Isomerisation becomes more conspicuous with increase 
in temperature: at 105° o-(2: 4: 6-trimethylbenzoyl)benzoic acid afforded the 2: 4: 5- 
isomer and 1 : 2: 4-trimethylanthraquinone (X —-~> XI ——> XIV), whereas, at 135° and 
again at 160°, o-(3 : 4 : 5-trimethylbenzoyl)benzoic acid and 1 : 2 : 3-trimethylanthraquinone 
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were obtained (X —> XII —> XV). [Unambiguous synthesis of 0-(3: 4: 5-trimethyl- 
benzoyl)benzoic acid is not readily effected and, as this acid has not been described 
previously, its structure was established by showing that, although it depresses the melting 
point of the 2:3:4-isomer on admixture, it provides 1:2: 3-trimethylanthraquinone 
when warmed with sulphuric acid.] 
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o-(2: 3: 4: 5-Tetramethylbenzoyl)benzoic acid was isolated as intermediate in the 
transformation of the 2:3:5:6-isomer into 1: 2:3: 4-tetramethylanthraquinone 
(XIII —»> XVI —> XVII). The reaction is, therefore, not comparable with the 
cyclisation of y-durenylbutyric acid, im one step and through the agency of anhydrous 
hydrofluoric acid, to 5:6:7:8-tetramethyl-l-tetralone (Aitken, Badger, and Cook, 
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J., 1950, 331) : a methyl group is displaced by a proton in the former reaction and by an 
acyl cation in the latter: 


Me 
Hc Me, Me Me, “Me aa 
(XI) ——> M Me — M a} (XVI) —> (XVII) 
AlCl, H bd 
OC,H,CO,H OC,H,CO,H 
Me 
Me . 
MeZ Me : Me“ \Me Me/ Me 4+ Me/ ‘Me 
Me |!Me > mathe —> mat —, Mel J 
ae co : \co \A\ Oo 
(CH,},°CO,H | | | 
ate Fe H, CH, CH, CH, 
CH, CH, CH, 


Acetyldurene, when fused with aluminium chloride at 100°, provides not only 
acetylprehnitene (80%), but also diacetyldurene (10%) and aromatic hydrocarbon 
(10%); 5-acetylhemimellitene and hexamethylbenzene are obtained at higher 
temperatures (jJ., 1952, 807). These intermolecular migrations of acyl and methyl groups 
respectively are not a feature of the action of aluminium chloride on o-(2: 3: 5: 6-tetra- 
methylbenzoyl)benzoic acid. 

The iscmerisations of 2-hydroxyaryl ketones by aluminium chloride are strictly 
analogous to those of the corresponding ary] ketones (loc. cit.; J., 1943, 273); in particular, 
6-hydroxy-2 : 4-dimethyl- and 2: 5-diethyl-6-hydroxybenzophenone rearrange to the 
corresponding 6-hydroxy-3 : 4-dialkyl derivatives. It is not surprising, therefore, that 
o-(6-hydroxy-2 : 4-dimethylbenzoyl)- and o0-(2 : 4-diethyl-6-hydroxybenzoyl)-benzoic acid 
(XIX; R= Me and Et respectively) afford the corresponding o-(3 : 4-dialkyl-6-hydroxy- 
benzoyl)benzoic acids (XX) which can be cyclised to the corresponding 1 : 2-dialkyl-4- 
hydroxyanthraquinones (XXI). The isomerisation occurs readily at 105° when R is 
ethyl, but requires higher temperatures (< 120°) when R is methyl. 


EXPERIMENTAL 


o-Aroylbenzoic Acids.—Powdered phthalic anhydride was added to a suspension of finely 
powdered aluminium chloride (2-5 mols.) in methylene or ethylene chloride, and the mixture 
agitated for 0-5 hour at room temperature. The solution was decanted from undissolved 
aluminium halide into a solution of aromatic hydrocarbon (1 mol.) in methylene or ethylene 
chloride. After a further 0-5 hour, the mixture was decomposed with dilute hydrochloric acid, 
solvent was removed by distillation, and the solid product was isolated and recrystallised from 
acetic acid. The following derivatives of benzoic acid were prepared in this way; the yields 
are given in parentheses : 

o-(2 : 5-Dimethylbenzoyl)- (95%), m. p. 149—150° (Barnett and Low, Ber., 1931, 64, 49) ; 
o-(2 : 4-dimethylbenzoyl)- (89%), m. p. 142—143° (Dougherty and Gleason, J. Amer. Chem. 
Soc., 1930, 52, 1026); o-(2: 4: 6-trimethylbenzoyl)- (73%), m. p. 211—212° (Underwood and 
Walsh, ibid., 1935, 57, 940); o-(2: 4: 5-trimethylbenzoyl)- (69%), m. p. 146—147° (Found : 
C, 76-1; H, 61. Calc. for C,,H,,0,: C, 76-1; H, 60%) (Meyer, Ber., 1882, 15, 638); 
0-(2: 3: 4-trimethylbenzoyl)- (69%), m. p. 160—161° (Found: C, 75:7; H, 60. C,,H,,0, 
requires C, 76:1; H, 60%); o0-(2:3:5: 6-tetramethylbenzoyl)- (89%), m. p. 263—264° 
(Underwood and Walsh, loc. cit.); 0-(2:3:4: 5-tetramethylbenzoyl)- (85%), m. p. 162—163° 
(Found: C, 76-6; H, 7-1. C, 3H,,0, requires C, 76-6; H, 6-4%). 

o-(2 : 5-Diethylbenzoyl)benzoic acid was not obtained crystalline. 

o-(6-Hydroxy-2 : 4-dimethylbenzoyl)benzoic Acid.—A mixture of m-5-xylenol (12-2 g.), 
phthalic anhydride (14-8 g.), and aluminium chloride (15 g.) in tetrachloroethane (100 c.c.) was 
refluxed for 1 hour. Evolution of hydrogen chloride was now complete and the mixture was 
cooled and poured into dilute hydrochloric acid. The organic layer was separated, washed 
with dilute hydrochloric acid, then with water, and extracted with sodium carbonate solution. 
The extract was clarified with activated charcoal and acidified; the required acid (18-1 g.) 
crystallised from acetic acid in yellow needles, m. p. 210—211° (Found: C, 71-2; H, 5-2%; 
equiv., 270. C,,H,,O, requires C, 71-7; H, 5-2%; equiv., 270). 
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o-(6-Hydroxy-3 : 4-dimethylbenzoyl)benzoic Acid.—A mixture of powdered phthalic anhydride 
and aluminium chloride (2 mols.) in tetrachloroethane was warmed on the steam-bath for 
10 minutes, cooled, and added to a solution of 0-4-xylenol (1 mol.) and aluminium chloride 
(1 mol.) in tetrachloroethane. The reaction was completed on the steam-bath, and the required 
acid was isolated in 76% yield as described for the previous experiment; it crystallised from 
ethanol in colourless needles, m. p. 172—174° (Fairbourne and Gauntlett, J., 1923, 1137). 

o-(2 : 4-Diethyl-6-hydroxybenzoyl)benzoic acid was prepared similarly but could not be 
obtained crystalline. It was dried under reduced pressure over phosphoric oxide. 

Interactions with Aluminium Chloride.—For each g. of organic acid, aluminium chloride 
(10 g.) and sodium chloride (1-5 g.) were powdered together and heated by an oil-bath to 140°. 
The homogeneous melt was continuously stirred and brought to a selected temperature, and 
the organic acid was gradually added. After a selected time the mixture was cooled and 
decomposed by addition to ice and dilute hydrochloric acid, and the organic material was 
separated. 

o-(2 : 5-Dimethylbenzoyl)benzoic acid. This acid (4 g.) after 1 hour at 175° or at 220° provided 
an alkali-insoluble product (3-8 g.), m. p. 112—131°. Recrystallisation from acetic acid 
afforded a mixture of needles and plates, and these were separated by hand and recrystallised 
from acetic acid. The former were 1 : 4-dimethylanthraquinone, m. p. and mixed m. p. 140— 
141°, and the latter the 1 : 3-isomer, m. p. and mixed m. p. 161—162°. Authentic specimens 
were obtained by the action of concentrated sulphuric acid at 100° for 2 hours on o0-(2 : 5-di- 
methylbenzoyl)- and o-(2 : 4-dimethylbenzoyl)-benzoic acid respectively (Helber, Ber., 1910, 
43, 2890; Elbs and Giinther, Ber., 1887, 20, 1364). These anthraquinones were also separated 
chromatographically by benzene on an alumina column; the | : 4-isomer is the more mobile. 

o-(2 : 4-Dimethylbenzoyl)benzoic acid. After an hour at 175°, this provided 1 : 3-dimethyl- 
anthraquinone (88%), m. p. and mixed m. p. 161—162°; the presence of the 2 : 3-isomer was 
not detected. 

o-(2 : 5-Diethylbenzoyl)benzoic acid. The acid (5 g.), after 2 hours at 160°, provided alkali- 
insoluble material (4-5 g.); attempted separation on an alumina column gave only 1 : 3-diethyl- 
anthraquinone which crystallised from acetic acid in yellow needles, m. p. 123—124° (Found : 
C, 81-8; H, 5:8. C,,H,,O, requires C, 81-8; H, 6-1%). Oxidation with nitric acid at 220° 
afforded anthraquinone-1 : 3-dicarboxylic acid, m. p. and mixed m. p. 322—325° (decomp.) 
(Fieser and Martin, J. Amer. Chem. Soc., 1936, 58, 1443). 

o-(2 : 4: 6-Trvimethylbenzoyl)benzoic acid. After 1 hour at 160° this (5 g.) afforded o-(3 : 4: 5- 
trimethylbenzoyl)benzoic acid (0-8 g.), m. p. 201—202° after recrystallisation from acetic acid, 
and 1:2: 3-tvimethylanthaquinone (4-1 g.) which, after treatment with charcoal, crystallised 
from acetic acid in long golden-yellow needles, m. p. 187—188° (Found: C, 81-1; H, 5-6. 
C,,H,,O, requires C, 81-6; H, 5-6%). The latter is identical (m. p. and mixed m. p.) with the 
product of interaction of o-(2 : 3 : 4-trimethylbenzoyl)benzoic acid and sulphuric acid, and is 
oxidised by nitric acid to anthraquinone-1 : 2 : 3-tricarboxylic acid (trimethyl ester, m. p. 183— 
184°; Cook, J., 1933, 1592, gives m. p. 184—185°). 

After 1 hour at 105° the acid afforded o-(2 : 4 : 5-trimethylbenzoyl) benzoic acid (4-8 g.), m. p. 
and mixed m. p. 146—147° after crystallisation from acetic acid, and an alkali-insoluble product 
(0-2 g.) which provided 1: 2: 4-trimethylanthraquinone, m. p. and mixed m. p. 162—163°, 
when recrystallised from acetic acid (Elbs, J. prakt. Chem., 1890, 41, 121). 

o-(2 : 4: 5-Trimethylbenzoyl)benzoic acid. This (3 g.), after 1 hour at 133°, afforded 1 : 2 : 3- 
trimethylanthraquinone (1-6 g.), m. p. and mixed m. p. 187—188°, and an alkali-soluble fraction 
(1-3 g.) from which the initial acid (0-08 g.) and o-(3 : 4 : 5-trimethylbenzoyl)benzoic acid (0-6 g.), 
m. p. 202—203° (Found : C, 75-7; H, 6-0. C,,H,,O, requires C, 76-1; H, 6-0%), were isolated. 
The latter is identical with the acid obtained from o-(2 : 4 : 6-trimethylbenzoyl)benzoic acid at 
160°; like the 2:3: 4-isomer, it affords 1: 2: 3-trimethylanthraquinone when heated with 
sulphuric acid. 

o-(2: 3:5: 6-Tetramethylbenzoyl)benzoic acid. After 2 hours at 165°, this acid (4 g.) afforded 
1:2:3: 4tetramethylanthraquinone (3-7 g.), m. p. and mixed m. p. 234—235° (Hewett, /., 
1940, 293, gives m. p. 232—233°) (crystallised from acetic acid). An authentic specimen was 
obtained by interaction of o-(2 : 3: 4: 5-tetramethylbenzoyl)benzoic acid and sulphuric acid. 

Heating for 3 hours at 105° provided 1: 2:3: 4-tetramethylanthraquinone (1-1 8.) and 
o-(2: 3: 4: 5-tetramethylbenzoyl)benzoic acid (2-8 g.). 

o-(6-Hydroxy-2 : 4-dimethylbenzoyl)benzoic acid. The acid (3 g.) was recovered unchanged 
after 1 hour at 100° and after 4 hours at 120°. After 2 hours at 143°, half of the product 
(i.e., 1-5 g.) was insoluble in sodium carbonate solution and afforded 4-hydroxy-1 : 2-dimethyl- 
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anthraquinone in orange-yellow needles, m. p. and mixed m. p. 168—169° (from acetic acid) ; 
Fairbourne and Gauntlett (loc. cit.) give m. p. 169°. This formed an acetate, m. p. 158—159° 
after crystallisation from aqueous acetone; Fairbourne and Foster (J., 1930, 1275) give m. p. 
158°. This anthraquinone was obtained in yields of 80 and 96% after 3 hours at 155° and 175° 
respectively. The carbonate-soluble material (1-5 g.) crystallised from ethanol and afforded 
o-(6-hydroxy-3 : 4-dimethylbenzoyl) benzoic acid, m. p. and mixed m. p. 172—174°. 

o-(6-Hydroxy-3 : 4-dimethylbenzoyl)benzoic acid. This acid afforded the above anthraquinone 
in 78% yield after 1 hour at 165°, and in 40% yield by the action of concentrated sulphuric acid 
for 1 hour at 100°. 

o-(2 : 4-Diethyl-6-hydroxybenzoyl)benzoic acid. The acid (4g.), after 4 hours at 105°, afforded 
1 : 2-diethyl-4-hydroxyanthraquinone (0-3 g.) which crystallised from acetic acid in yellow needles, 
m. p. 121—122° (Found: C, 77-0; H, 5-1. C,,H,,0 3 requires C, 77-1; H, 5-7%), and o-(3 : 4- 
diethyl-6-hydroxybenzoyl)benzoic acid (3-6 g.), m. p. 195—196° (from acetic acid) (Found: C, 
72-6; H, 6-0. C,gH,,0, requires C, 72-5; H, 60%). The latter acid, like 3: 4-dialkyl-6- 
hydroxyaryl ketones (loc. cit.), afforded a monobromo-derivative, m. p. 190—191° (Found: C, 
56-7; H, 4-5; Br, 21-2. C,,H,,O,Br requires C, 57-3; H, 4:5; Br, 21-2%), by the action of 
excess of bromine in aqueous acetic acid, and 1: 2-diethyl-4-hydroxyanthraquinone when 
heated with phosphoric oxide in benzene or with excess of aluminium chloride at 170° for 
3 hours. 


Facutty oF TECHNOLOGY, UNIVERSITY OF MANCHESTER. [Received, March 25th, 1952.] 
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454. The Retardation of Benzaldehyde Autoxidation. Part II.* A 
Comparative Study of the Actions of p-Cresol, m-2-Xylenol, and Their 
Oxidation Products. 


By WitiiAm A. WATERS and CHARLES WICKHAM-JONES. 


A kinetic study shows that m-2-xylenol acts as a retarder of the benzoyl 
peroxide-catalysed autoxidation of benzaldehyde in exactly the same way as 
does p-cresol (see Part I *). The kinetic analysis of the autoxidising systems 
indicates that the phenolic retarders should eventually be converted into 
dimers of their respective radicals, C;,H,O* and C,H,O*, but, in the case of 
the system containing p-cresol, dimers (C;,H,O), do not seem to persist in the 
eventual reaction mixtures. With the m-2-xylenol system it has been | 
established that the dimer (C,H,O), is further oxidised to 3:5: 3’: 5’- 
tetramethyl-4 : 4’-diphenoquinone, which has been isolated and estimated 
colorimetrically. This diphenoquinone is still a retarder of autoxidation, but 
it acts quite differently from the phenols in that it combines with active 
radicals present in the autoxidising benzaldehyde. Measurements of the 
rate of destruction of this diphenoquinone indicate that each molecule of it 
terminates two autoxidation chains. 


In Part I * we showed that the effect of #-cresol on the rate of autoxidation of benzaldehyde 
could most simply be studied kinetically by (a) adding sufficient benzoic acid to bring about 
the rapid destruction of perbenzoic acid, and (5) using enough radical-producing catalyst 
(benzoyl peroxide) to reduce auto-catalytic chain starting to a very small and effectively 
constant value. Under these conditions the liquid-phase autoxidation of benzaldehyde 
containing a little #-cresol proceeds in the dark at an almost constant rate for a long time 
and it was inferred that the ~-cresol acted mainly as a chain-transfer agent. Since the 
rate of oxygen uptake was very nearly proportional to the product [Benzaldehyde]*[Benzoyl 
peroxide]}#[p-Cresol}?, it was concluded that the main chain-ending process was a 
dimerisation, or possibly a disproportionation, of p-tolyloxy-radicals : 


2(C,H,O*) ——> Inert products ok & eae 


In order to substantiate this deduction from chemical kinetics we have attempted to 
isolate from our autoxidised mixtures the phenolic and ketonic products (C;H,O), (I) and 


* J., 1961, 812, is regarded as Part I of this series, 
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(II), which Cosgrove and Waters (J., 1951, 1726) had obtained from #-cresol by direct 
oxidation with hydroxyl radicals. However, neither these dimers, nor 4-benzoyloxy-m- 
cresol (III), which is the direct reaction product from benzoyl peroxide and #-cresol 
(idem, J., 1949, 3189), nor even s-diphenylethylene dibenzoate, which is formed by the 


M 
Me Me "4 Me 
OG ($m ¢ 
y, e OH 
a H 0” = ~COPh 
(I) (II) (III) 


direct action of benzoyl peroxide on benzaldehyde (Rust, Seubold, and Vaughan, J. Amer. 
Chem. Soc., 1948, 70, 3258), could be separated in identifiable amounts. Apart from 
unchanged materials and much benzoic acid, the eventual residues from several reactions 
were brownish polymers (M, 700—800) which could be separated into phenolic and non- 
phenolic fractions, neither of which was crystalline. Now, the main dimer (C,H,O), 
which results from the free-radical oxidation of p-cresol is 3 : 3’-di-p-cresol (I) and, since it 
is phenolic, this, as also (III), would be expected to be a retarder of autoxidation that 
would eventually be destroyed by such a reaction. 

Kinetic measurements showed that in equimolar conditions, with identical amounts of 
catalyst, (I) gave an oxygen uptake rate of about 0-35 of that attained with #-cresol, 
though (III) gave about 2-5 times as great, and (II) about 7 times as great an oxidation 
rate. 

The above suffices to show why the compounds (I)—(III), if formed, are not the end- 
products of the destruction of #-cresol by the reaction scheme proposed in Part I. It 
indicates, too, that this scheme must now be regarded as the course of the first stage only 
in the role of p-cresol as a retarder of benzaldehyde autoxidation. Since subsequent 
chain reactions involving reaction products such as (I)—/(III) would also have chain- 
ending velocities dependent on the concentration of the initial chain-starting catalyst, 
benzoyl peroxide, they are not revealed distinctly by the overall kinetic measurements. 

The fact that chemically different products (I) and (II) may be formed in even the 
first stage of p-cresol oxidation inevitably complicates the elucidation of the complete 
sequence of reactions in this retarded autoxidation system. For this reason it then seemed 
to us that a comparative study of the retarding action of m-2-xylenol (IV) might be much 
more enlightening, since this phenol has both its ortho-positions blocked, and under 
conditions of free-radical oxidation it appears to yield chiefly 3: 5: 3’ : 5’-tetramethyl- 
4 : 4’-diphenoquinone (VII) (Cosgrove and Waters, J., 1951, 388, 1726). We therefore 
examined the benzoyl peroxide-catalysed autoxidation of benzaldehyde—m-2-xylenol 
mixtures containing benzoic acid, and this time chose the higher temperature of 79-7° 
for our kinetic measurements so as to be able to secure suitable initial oxygen uptake 
rates under conditions in which we could use easily weighable amounts of both xylenol and 
catalyst. We determined oxygen uptake rates for an initial period of 10 minutes only, 
since at this temperature the extent of the unimolecular decomposition of benzoy! peroxide 
is only about 2% during this period, according to the data of Swain, Stockmayer, and 
Clarke (J. Amer. Chem. Soc., 1950, 72, 5426), and thus during our measurements the rate of 
production of chain-starting radicals can be taken as constant. Over a longer period the 
tate of oxygen uptake decreased quite slowly, as in the p-cresol reaction described in detail 
in Part I. We did, for confirmation, repeat the series of measurements with the p-cresol- 
benzaldehyde system at 79-7° and verified that it had exactly the same kinetic 
characteristics as at 40°. 

Fig. 1 shows that the rate of benzaldehyde autoxidation is very nearly proportional to 
[m-2-xylenol}+. In Fig. 2, curve A shows that the rate of oxygen absorption is proportional 
to the square root of the benzoyl peroxide concentration for high values of the latter only, 
whilst curve B shows that the more general relation 


—d[O,]/dt = A{((Bz,0.] + #—c} . 2 ww ee 2) 
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holds for all concentrations of benzoyl peroxide, just as in the benzaldehyde—-cresol 
system. Fig. 3 shows that for benzaldehyde-chlorobenzene mixtures the rate is 
proportional to the square of the benzaldehyde concentration, and Table 1 shows that 
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Fic.1. Initial oxygen absorption rates at 79-7° 
at different m-2-xylenol concentrations. 
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Fic. 2. Initial oxygen absorption rates at 79-7° at 
different benzoyl peroxide concentrations. 
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Fic. 3. Initial oxygen absorption rates at 79-7° 
at different benzaldehyde concentrations. 
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Initial rates of oxygen absorption in ml. of 
oxygen (at N.T.P.) per min. per mole of benz- 
aldehyde. Chlorobenzene used as diluent. 
Initial concns. (in g./10 ml. of solution): 
[Ph-CO,H] = 1-50; [Bz,0O,) = 0-2400; [m-2- 
xylenol] = 0-0600. 


the dependence .on oxygen concentration is given by the relationship (3), where at 
atmospheric pressure the constant g is much smaller than p[O,]: 


—d[O,]/dé = [0,]/{P[O2] + 9} Tf a a 


Consequently, the retarded autoxidation of benzaldehyde solutions containing m-2-xylenol 
shows the same kinetic dependence on the concentration of the various components as 
does the similar system containing p-cresol. We infer, therefore, that m-2-xylenol, as such, 
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TABLE 1. Effect of oxygen pressure on the autoxidation of benzaldehyde—m-2-xylenol 
mixtures at 79-7°. 


Initial concns., in g./10 ml. of Ph‘CHO: Ph-CO,H, 1-50; Bz,O0,, 0-150; xylenol, 0-120. The 
initial oxygen uptake is measured in ml. of O, (at N.T.P.) min. mole of Ph-CHO. 


i I TR, co csesincvtncccssnndcocsssnsnosestcsconcicconneess 260-5 404-3 540 659-5 759 

adc cacenanlacconenedaciasonienentins 5-58 5-83 6-25 6-10 6-25 
ee Gea ee 46-5 69-5 86-5 108 121-5 

[04] (—a(0,]/a*){ Cote. (p = 0-15, q = 8mm) ...... 47 69 88 107 122 


acts as a chain-transfer agent, and that the first chain-ending process mainly involves the 
interaction of a pair of (C,H,O*) radicals though there is a small, inexplicable, unimolecular 
destruction process (see Part I). It is unlikely that the latter is a surface reaction since 
added glass was without effect on the rate of the p-cresol-retarded autoxidation. 


Fic. 5. Oxidation of a quinone—benzaldehyde 
mixture at 79-7°. 
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Curve A: course of oxygen absorption. 
Curve B : course of quinone destruction. 


Now, the oxidised solutions of m-2-xylenol had become red, and from them we succeeded 
in isolating red 3 : 5 : 3’ : 5’-tetramethyl-4 : 4’-diphenoquinone (VII) which would result if 
(V1), the expected dimer of the mesomeric radical (V), had been oxidised further by loss of 
a pair of hydrogen atoms. 


~~ aN a 
n> se of ~ of 


= ~~ 
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Me_ TaN Me B x Me Me 
OOO One One 
Me Me Me Me Me Me 
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The rate of formation of the diphenoquinone (VII) could be followed colorimetrically 
by using a ‘‘ Spekker ’’ photo-absorptiometer with a blue (No. 602) filter, and Fig. 4 shows 
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the results obtained. From curve A of this graph it can be seen that when only a little 
xylenol is used then the amount of quinone formed fairly soon reaches a maximum, 
corresponding to about 10% conversion; oxygen uptake decreases somewhat initially, but 
eventually reaches a constant rate, corresponding to the maximum quinone concentration. 

Curves B and C of Fig. 4 show that at high xylenol concentrations the initial rate of the 
diphenoquinone formation seems to approach a constant value. This was 2-83 x 10°? g. 
per 1. of solution per minute for a mixture containing initially 15 g. of benzoyl peroxide and 
51-1 g. of m-2-xylenol per 1. of benzaldehyde. The latter value may be compared with the 
rate of dimerisation of the (CgH,O-) radical, (= k,[ArO-]*). 

From the kinetic relationships of Part I * it is found that 


ke[ArO-}? = 2k,{((B2,0,] + b)* — c}? 


where &, is the unimolecular velocity constant for the decomposition of benzoyl peroxide 
at 79-:7°; bandc are constants indicative of other modes of chain initiation and termination 
(cf. Part I, p. 820), and may be evaluated from Fig. 2, the slope and x-axis intercept of 
curve B being used, together with the rate of oxygen absorption at zero benzoyl peroxide 
concentration given from curve A. Taking the value of k, at 80° as 2-52 x 10°? min."1, as 
given by Swain, Stockmayer, and Clarke (loc. cit.), we obtain a computed value of 
2-5 x 10% g. 1-1 min.+ for the rate of dimerisation of the (C,H,O-) radical. This is 
sufficiently close to the measured value for the rate of formation of the derived quinone for 
it to be inferred that the dimerisation process leads to a quantitative formation of 
3:5: 3’: 5’-tetramethyl-4 : 4’-diphenoquinone, and thereafter to colourless substances 
derived from it. However, owing to the uncertainty as to the true value for k, in 
autoxidising benzaldehyde (see p. 2426) and for the constants } and c, the foregoing 
deduction should be accepted with reserve. 

The observations shown in Fig. 4, particularly in curve A, indicate that 3:5: 3’: 5’- 
tetramethyl-4 : 4’-diphenoquinone is not the end product of the destruction of the 
m-2-xylenol by the autoxidising benzaldehyde. The quinone is, in fact, a powerful 
inhibitor of the autoxidation and is slowly destroyed thereby to give colourless or nearly 
colourless products which are very poor retarders of the autoxidation, for, as Fig. 5 (curve A) 
shows, the rate of oxygen absorption increases with time in benzaldehyde—benzoy] peroxide 
mixtures containing (VII). 

When the initial autoxidation rates of mixtures containing (VII) were investigated, 
quite different kinetic relations from those appertaining to the benzaldehyde—m-2-xylenol 
system were observed (for details see Part III, following paper), the most significant being 
a first-order dependence on the concentration of the benzoyl peroxide catalyst, as is 
indicated by Table 2. Again, unlike both p-cresol and m-2-xylenol (compare Fig. 2), the 
3:5: 3’ : 5’-tetramethyl-4 : 4’-diphenoquinone is a complete inhibitor of the autoxidation 
of benzaldehyde in the absence of benzoyl peroxide. As the kinetic analysis of the Table 
of Part I shows, this first-order dependence of the autoxidation rate upon benzoyl peroxide 
concentration indicates that the chain ending is achieved by combination of active radicals 
with the quinone, though it does not differentiate between a single-stage process (4) giving 
a stable semi-quinone RQ: and a two-stage process, (4) followed by (5), at a comparable 
rate: 


(4) R-+Q——> RQ: (5) RQ: + R-—> R-Q-R 
The kinetic theory also indicates that 
n X —d[Quinone]/dt = a x —d[Benzoyl peroxide]/d¢ . . . (6) 


where a is the number of reaction chains initiated by each molecule of benzoyl peroxide, 
and has the maximum value of two, as indicated by equation (7), whilst ” is the number of 


Ph-COO—O-CO-Ph—*> 2PhCO-O> . . . . . . (7) 


* In deriving the theoretical equations of Part I an error was made in giving the rate of formation 
of Ph-CO,: radicals as $2,[Bz,O,]; it should be, as above, 24,[Bz,O,]. 
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reaction chains terminated by each quinone molecule; has the probable value of two 
also if, as indicated by the work of Bickel and Waters (J., 1950, 1764), combination of 
radicals occurs at both oxygen atoms of the quinone. The value of one for n is impossible 


TABLE 2. Effect of benzoyl peroxide concentration on the initial rate of oxygen uptake 
in the presence of 3: 5: 3’ : 5'-tetramethyl-4 : 4'-diphenoquinone. 


O, absorption is measured in ml. of O, (at N.T.P.) min.“ ? “lof Ph‘CHO. Temp. 79-7°. Initia 
concns. (g./10 ml. Ph-CHO): Ph°CO,H, 1-50; quinone, 0-0300 


Peroxide, g./10 ml. ......... 0-031 0-060 0-090 0-121 0-122 0-150 0-150 0-180 0-239 0-268 0-300 
Stee eee ee 2-8 5-0 7-6 79 94 12:1 131 13:2 4175 20-5 23-4 
Rate/Peroxide ............... 90 83 86 64 78 80 87 74 73 77 78 

Mean 79-1 


TABLE 3. Rate of destruction of 3:5: 3’ : 5’-tetramethyl-4 : 4'-diphenoquinone by 
autoxidising benzaldehyde. 
(Each solution contained 3-00 g. of benzoic acid and 0-225 g. of benzoy peroxide in 20 ml. of 
benzaldehyde.) 


Tebains queens Comes. be. 1.°*). .ncccvoccscceccscsccssscsessseses 2-50 3-75 5-00 6-2 
Initial rate of quinone destruction (g. 1-4 min.) x 10? 4-81 525 497 51 


unless the semiquinone radical RQ: is completely stable, for a stabilising process such as (8), 
following (4), corresponds to chain transfer and not to chain termination. 


RQ: + Ph-CHO—> R-QO-H+PhCO! . .. . (8) 


Equation (6) indicates that the rate of destruction of the quinone should depend only 
on the rate of decomposition of the benzoyl peroxide. When a sufficient excess of benzoyl 
peroxide was taken, the rate of destruction of (VII) was found to be a zero-order process 
for at least 50% of its decomposition, as curve B of Fig. 5 shows. Table 3 also verifies 
that the initial rate is independent of the initial quinone concentration. 


TABLE 4. Initial rates of quinone destruction at 79-7° at different benzoyl peroxide 
concentrations. 
{Initial concns. (in g./10 ml. of PheCHO): Ph°CO,H, 1-50; quinone, 0-050; — dQ/dt is measured in 
g. of quinone per 1. of solution per min.] 
Peroxide (g./10 ml.) ... 0-225 0-188 0-169 0-150 0-131 y= 112 0-0812 0-0650 0-0650 0-0500 
rr 11-25 9-28 8-42 7-43 6-60 5-95 4-40 3-80 4:10 3-22 
— dQ/dt/[Peroxide]... 5-00 4-96 5-00 4-96 5-02 5-28 5-42 5-84 6-30 6-44 


TABLE 5. Rates of destruction of 3:5: 3’ : 5’-tetramethyl-4 : 4'-diphenoquinone under 
different conditions. 
(Each solution contained 3-00 g. of benzoic acid, 0-225 g. of benzoyl peroxide, and 0-100 g. of quinone 
in 20 ml. of solvent.) 
Conditions Initial decomp. rate 
Benzaldehyde solution with O, passing ..............sssceceseeseseeeeeeees 10 g. 1. min. 


5-0 x 
Benzaldehyde solution with N, passing ..............cscesceeseeseeeeeseees 3-2 x 10° 
CARING GIDIIOIN ccc s ccvncccecsccccsetcsccsssesiccecessscosessecnessces 1:3 


” 


x 10-3 - 


TABLE 6. Initial rates of quinone destruction at 79-7° at different concentrations of 
benzaldehyde in chlorobenzene. 
Initial concns. (in g./10 ml. of solution) at room temperature: Ph-°CO,H, 1-50; quinone, 0-050; 
(Ph:CO-O),, 0-1125. 
(Allowance has been made for the change in absolute concentration of the benzoyl peroxide owing 


to the expansion of the mixtures on heating to 79-7°. The initial rates of quinone destruction are given 
in 10° g. 1. min.—.) 


ee ee 100 75 50 25 10 0 
— d[Quinone]/d¢ [Benzoyl] peroxide] ............ 5-02 5-04 5-28 4-40 3-00 1-30 


Table 4 shows that when the quinone concentration is kept constant the initial rate at 
which it is destroyed is proportional to the benzoyl peroxide concentration until low values 
7Q 
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of the latter are reached. If every free radical produced by the decomposition of the 
benzoyl peroxide were eventually converted into radicals which combined with the quinone 
then solvents, or oxygen, should not affect the rate of its disappearance. This does not 
seem to be the case, as Table 5 shows, though Table 6 shows that under autoxidation 
conditions dilution of the benzaldehyde with as much as 50% of chlorobenzene 
has no significant effect upon the rate of destruction of the quinone. It appears, 
therefore, that under autoxidation conditions in benzaldehyde solution nearly every 
free radical produced by the decomposition of the benzoyl peroxide does lead to a 
reaction chain which is terminated eventually by radical capture by the quinone, 
though in the absence of oxygen, and more especially in the inert solvent chlorobenzene 
this condition may not hold. 

The work of Swain, Stockmayer, and Clarke (loc. cit.) indicated that under conditions 
of radical capture by polymerisable olefins the true unimolecular rate of decomposition of 
benzoyl peroxide at 80° in dioxan tended to a lower limit of k, = 2-52 x 10° min.}, 
Earlier, Nozaki and Bartlett (J. Amer. Chem. Soc., 1946, 68, 1686) had given a range of 
values at 79-8° of 1-16—5-38 x 10°? min." for different solvents, with a constant value of 
1-97 x 10° min. in benzene, toluene, and nitrobenzene. Quite recently, however, 
Bawn and Mellish (Trans. Faraday Soc., 1951, 47, 1216), who like ourselves have used a 
colorimetric method depending upon radical capture, have shown that the rate of 
decomposition of benzoyl peroxide is in fact solvent-dependent though the activation 
energy of the decomposition process remains constant at the value of 29-6 kcal. 
Now from the slope of the linear portion of the curve based on the data of 
Table 4 we find that —dQ/dt/[Benzoyl peroxide] = 5-8)x 10% min.?. From 


equation (6), —d[{Quinone]dt/(—d[Benzoyl peroxide]/dt) = a/n. On putting —d[Benzoyl 


peroxide]/d¢ = k,[Benzoyl peroxide], we get d[{Quinone]/dt/[Benzoyl peroxide] = 
(a/n).k,. Hence, if we assume that a = m = 2 then the rate of decomposition of benzoyl 
peroxide in benzaldehyde solution containing oxygen is comparable with the highest value 
given by Nozaki and Bartlett, though the data given in Table 5 may indicate that it becomes 
decidedly less in the absence of oxygen or in chlorobenzene solution. 


EXPERIMENTAL 


Oxygen-uptake Measurements.—The purification of materials, and the oxygen-uptake 
measurements were carried out by the procedure described in Part I, the larger quantities of 
inhibitor being weighed into the reaction flasks direct, rather than being used as a solution in 
benzaldehyde. At 79-7°, the water-thermostat was controlled to +0-1°, and the preliminary 
evacuation reduced to 45 seconds without shaking (when chlorobenzene was present, it was 
necessary to fill and evacuate the reaction vessel in the cold). In all cases, the initial rate of 
reaction was computed as the average rate of oxygen absorption over the first 10-5 minutes, and 
again it was found that the experimental results of two operators (Mrs. A. M. B. and C. W.-J.), 
using independent apparatus, could be combined. 

Determination of Quinone Concentrations.—The results of Fig. 4 (Curves B and C) and of 
Tables 3, 4, and 5 were obtained by extracting 1-ml. samples at suitable time intervals from 
reaction mixtures, through which oxygen was slowly bubbled—these measurements were 
concordant with those obtained when the oxygen absorption was simultaneously determined, 
as was the case for Figs. 4 (A) and 5. The latter samples were diluted to 100 ml. with xylene, 
and their quinone contents compared colorimetrically, a ‘‘ Spekker’’ photoelectric 
absorptiometer with blue filters (No. 602) being used. Absolute values were obtained by 
reference to a calibration curve constructed by the use of a standard quinone solution 
(0-0500 g./l. of xylene), which had to be stored in the dark to prevent loss of colour intensity. 
The latter curve was quite reproducible, though to ensure the reliability of the instrument, at 
least two points were independently re-checked every day. In order to obtain constancy, all 
“‘ Spekker ”’ readings had to be performed in the dark. 

Isolation of Products from the Benzaldehyde—m-2-Xylenol System.—Combined products from 
several kinetic experiments, containing in all 9 g. of benzoic acid, 0-9 g. of benzoyl peroxide, and 
0-7 g. of m-2-xylenol in 60 ml. of benzaldehyde were distilled in steam, after the removal of 
benzoic acid with aqueous sodiun. hydrogen carbonate. The aqueous residue contained a red 
powder insoluble in ether. This was crystallised from glacial acetic acid, and proved to be 
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identical with an authentic specimen of 3:5: 3’: 5’-tetramethyl-4 : 4’-diphenoquinone 
(Cosgrove and Waters, loc. cit., 1951) by m. p. and mixed m. p. 190° (decomp.). The further 
examination of products of this reaction is reported in Part IV (J., 1952, 2432). 


We thank Mrs. A. M. Bishop for assistance with the experimental work. This investigation 
has been carried out at the request of the D.S.I.R. Road Research Committee, whom we wish 
to thank for financial assistance and for their permission for publication. 
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455. The Retardation of Benzaldehyde Autoxidation. Part III.* A 
Kinetic Study of the Actions of 3:5: 3': 5'-Tetramethyl-4 : 4'-di- 
phenoquinone and the Corresponding Quinol. 

By J. R. Dunn, WILLIAM A. WATERS, and CHARLES WICKHAM-JONES. 


The retarding effects of the above-mentioned diphenoquinone and 
-quinol upon the benzoyl peroxide-catalysed autoxidation of benzaldehyde 
have been studied kinetically. It is concluded that the quinone acts as a 
chain-stopping agent by combining with free benzoy] radicals : 


Ph:CO: + Q —> Ph:CO*Q:; Ph:CO-Q* + Ph-CO: —> Ph-CO-Q:COPh 


The quinol is first dehydrogenated to the quinone and eventually yields the 
same chain-ending product : 


Ph-CO: + H,Q—> Ph:CHO + HQ:; Ph-CO- + HQ: —> Ph:CHO + Q 


The kinetic analysis excludes other chain-termination mechanisms except 
when the chain-starting catalyst is present in large excess. 


In Part II * it was shown that red 3:5: 3’ : 5’-tetramethyl-4 : 4’-diphenoquinone acted 
as a chain terminator towards the benzoyl peroxide-catalysed autoxidation of 
benzaldehyde, and was converted by a combination process into comparatively colourless 
products which had very little, if any, retarding action. 

Now the quinone (Q) may terminate the reaction chain (3), (4) T 


Ph-CO- + O,——> PhCOO, ...... . (9) 
Ph-CO-0,° + Ph-CHO —> Ph:CO-O-OH + Ph‘CO- . . . (4) 
by any one of the three following ways, or by any combination of them : 
(i) The quinone may destroy the chain-starting catalyst 
Ph-CO-0O-O-COPh —> 2PhCO, . . .... . (i) 
Ph-CO,* + Q ——- Inert products 


In this case the quinone should be a complete inhibitor of any autoxidation until it has 
been used up, at which time a fast unretarded oxygen uptake should set in: this does not 
occur (compare Fig. 5 of Part II). 


(ii) The quinone may combine with the benzoyl radical, Ph-CO- : 


Ph:CO:+ Q—>PhCOQ> ... . . . (13'a) 
If (13’a) were followed by (13’b), as probably does occur, then the kinetics of the 
Ph-CO-Q: + Ph-CO:—> Ph'CO‘0'CO-Ph  . . . . = (13’b) 


autoxidation would not be affected. 


* Part II, preceding paper. + For numbering of reactions see Part I, J., 1951, 812. 
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(iii) The quinone may combine with the benzoylperoxy-radical, Ph-CO-O,°, by reaction 
(14’) or more probably (14’a) 


Ph:CO, +Q——>PhCO,Q ..... . (14) 
Ph-CO-0,° + Q—> Ph'COQ-+ 0, . . . . . (14a) 

and again this could be followed by (14’b) without affecting the kinetics : 
Ph-CO-Q: + Ph-CO-0,*—> Ph:CO‘Q°'°COPh +O, . . . (14d) 


From both (ii) and (iii) the likely product is 4: 4’-dibenzoyloxy-3 : 5: 3’ : 5’-tetra- 
Me  methyldiphenyl (I; R= COPh). This colourless substance has 


Me 
= _ been prepared and has been found not to be a retarder of the 
ROK >—K_ Jor autoxidation of benzaldehyde (cf. Part IV, /J., 1952, 2432). 
= ¢) me Now from the steady-state relationships 
k,[Ph:CO-][0,] = &,[Ph-CO,°][Ph-CHO] 
and 


2k,[Benzoyl peroxide] = &[Quinone][R°] 
(where R: is the radical which combines with the quinone) which should hold under the 
conditions of initial reaction, it follows that if chain ending occurs by process (ii) then 
2k,[Benzoyl peroxide] 
k,[Quinone] 
whilst if chain ending occurs by process (iii), reaction (14’a), then 





—d[O,]/dt = XhkfO.] . . . . (A) 


2k,[Benzoyl peroxide] 
k,[Quinone] 


If both processes (ii) and (iii) occur, then 


—d[O,]/dt = 





x k,[Benzaldehyde]. . . (B) 








—d[O,]/dt = ee x {Rg[Op] + ky[Benzaldehyde} . (C) 
If chain endings by processes (i) and (ii) occur concurrently, then 
2k,k,[Benzoyl peroxide][O,] k,[Benzaldehyde] 
—d{O,]/dt = : ;, (D) 
k,[Quinone]} k,[Benzaldehyde] + &,[Quinone] 


(D) approximates to (A) if nearly all the radicals from the benzoyl peroxide react with the 
benzaldehyde and start reaction chains, and to 


__ 2k,k,k,[Benzoyl peroxide][O,][Benzaldehyde] 
—d[O,]/dt = h[Quinone}? ee ae 
if nearly all the Ph-CO,: radicals react with the quinone. 
The relationships (A)—(E) are so different that a kinetic study of the order of the 
reaction with respect to each component, under conditions of fairly long chain length, 


should reveal the chemical natures of the radicals which combine with the quinone. This 
investigation has been carried out. 





The first-order dependence on benzoyl peroxide at 79-7° has been instanced in Part II 
(loc. cit.). Table 1 shows that this relationship also holds at 60°. Fig. 1 shows that 


TABLE 1. Effect of benzoyl peroxide on the autoxidation rate at 60°. 


(Each mixture contained 1-5 g. of benzoic acid and 2-5 mg. of tetramethyldiphenoquinone in 10 ml. 
of benzaldehyde.) 


EE IIIS ice csscsicccnaceseseccecccsens 20 30 40 50 60 70 80 90 
O, uptake rate for first 10 min. (ml./min.) ...... 0-214 0-281 0-384 0-473 0-551 0-613 0-768 0-859 
10¢ Rate/[Benzoyl peroxide] .................s.eseee 107 94 98 95 92 88 96 95 


both at 60° and 80° the inverse of the rate of oxygen uptake is so closely 
dependent on the quinone concentrativa that relationship (E), or more significantly chain 
ending by process (i), can be eliminated. Fig. 2 shows that at both temperatures the 
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Line (Ph°CO-O),,g. Quinone, g. 
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B 0-05 0-019 
| - o2 Cc 0-25 0-020 
D 0-10 0-005 
E 0-50 0-005 
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rate of oxidation is proportional to the first power of the oxygen concentration. This 
could be taken as conclusive evidence that the chain ending occurs by process (ii) alone, 
were it not for the fact that, as line A of Fig. 3 shows, in our first measurements at 80°, 
which have been shown to be reproducible, the rate of oxidation of benzaldehyde—chloro- 
benzene mixtures appeared to indicate a simple first-order dependence on the concentration 
of the benzaldehyde. However, when one of us (J. R. D.), after confirming this result, 
repeated the kinetic study at lower temperatures, and then even at 80° using a lower benzoyl 
peroxide concentration, it was found that, although the strict first-order dependence of the 
oxygen uptake rate on benzoyl peroxide concentration and on oxygen pressure remained 
exact to well within the accuracy of the rate measurements, yet the relationship between 
the rate and the composition of benzaldehyde—chlorobenzene mixtures showed a decided 
inflexion as the lines B to E of Fig. 3 show, and at high benzaldehyde percentages became 
independent of the composition of the solvent mixture. We conclude, therefore, that in 
mixtures of high benzaldehyde concentration, chain ending chiefly occurs by combination 
of benzoyl (Ph-°CO-) radicals with the quinone, as indicated by scheme (ii). To account 
for the dependence of the rate of autoxidation on the composition of the solvent under 
certain conditions, we suggest, very tentatively, that with high chlorobenzene 
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Fic. 4. Relationship between autoxidation rate 
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concentrations in solutions containing much more catalyst than inhibitor some of the 
benzoate (Ph-CO,*) radicals may react with the chlorobenzene, perhaps as such, ¢.g., 

Ph:CO,° + C,H,Cl —> Ph-CO,H + °C,H,Cl 
or, more probably, after decomposition to more active phenyl radicals : 

Ph: + C,H,Cl —> Ph-C,H,Cl + H- 

the latter course being more favoured at elevated temperatures. One must suppose that 
these radicals do not start autoxidation chains but are destroyed by more direct reaction 
with the quinone. The dependence of the rate of decomposition of benzoyl peroxide on 
the nature of the solvent (Bawn and Mellish, Trans. Faraday Soc., 1951, 47, 1216), which 
has already been considered in Part II, may be a further contributing factor. 

In Part II it was concluded that m-2-xylenol acted as a retarder of autoxidation by 
yielding first the dimer (C,H,O-),, probably 4: 4’-dihydroxy-3 : 5: 3’ : 5’-tetramethyl- 
diphenyl (I; R =H), which was then dehydrogenated to 3: 5: 3’ : 5’-tetramethyl-4 : 4’- 
diphenoquinone. Fig. 4 shows that this quinol (I; R = H) is a retarder of autoxidation, 


and Table 2 shows that at constant composition the oxygen uptake rate is proportional 
to the oxygen pressure. 


TABLE 2. Effect of oxygen pressure on the retardation of benzaldehyde autoxidation by 
4: 4’-dihydroxy-3 : 5 : 3’ : 5'-tetramethyldiphenyl. 


(Each solution contained 1-5 g. of benzoic acid, 0-25 g. of benzoyl peroxide, and 0-01 g. of the quinol 
in 10 ml. of benzaldehyde.) 


Di MURINE, GOR. TIE ocnivicsccssccccccsccses 19-47 28-37 38-45 47-88 58-03 65-86 76-00 
O, uptake, c.c./min., at N.T.P. ......... 0-134 1-096 0-264 0-291 0-381 0-383 0-497 
er PN ac ncisescecscncesecccnices 688 691 687 608 657 582 654 
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Fig. 5 shows that the autoxidation rate is proportional to the first power of the catalyst 
concentration, though the plot does not pass through the origin. From Fig. 5 the oxidation 
rate (in ml. min. 1. of PheCHO) is 


—d[O,]/d¢ = (0-18[Benzoyl peroxide] + 0-06) /[Quinol] 
whilst the corresponding value for the quinone retarder oxidation (in the same units) is 
—d[O,]/dt = 0-24[Benzoyl peroxide]/[Quinone] 


where the weights of both catalyst and retarder are given in grams. 
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The first-order dependence on benzoyl peroxide concentration shows that the quinol, 
like the quinone, acts as a chain terminator by a combination mechanism. This accords 
with the scheme 

R: + H,Q —> R-H + HQ:; R: + HQ:—> R-H + Q 
followed by 


R- + Q—> RQ:; RQ: + R-—>R-Q-R 


From the experimental relationships above it can be seen that at low benzoyl peroxide 
concentrations the quinone is the better retarder but at high catalyst concentrations the 
quinol is the more effective. Though from the mechanism given above it might be 
expected that the quinol would be twice as effective as the quinone this is not the case, 
and consequently part of it must be oxidised by other means, e.g., by direct 
reaction with oxygen, perbenzoic acid, or with the chain-initiating benzoyl radicals. 

Were the initial oxidation of the quinol due to the benzoate (Ph-CO,°) radicals alone, 
then in quinol—benzoyl peroxide mixtures there would be no autoxidation unless an excess 
of benzoyl peroxide were present, and this is not the case. Though the solid quinol is 
stable in dry air it soon becomes red when kept in solution. Solutions of the quinol in 
both benzaldehyde and chlorobenzene rapidly oxidised at 60° under a nitrogen atmosphere 
upon the addition of benzoyl peroxide, so the direct reaction Ph*CO,* + H,Q —~> 
Ph-CO,H + HQ: does occur to an appreciable extent. On account of the direct oxidation 
of the quinol there can be little chance of its attaining a significant concentration in the 
autoxidising benzaldehyde-m-2-xylenol system. 


Experimental.—The purification of materials and the oxygen uptake measurements were 
carried out by the procedure described in Part I (loc. cit.). We thank Mr. R. F. Moore for 


assistance in preparing pure samples of 3: 5: 3’ : 5’-tetramethyl-4 : 4’-diphenoquinone and the 
corresponding quinol. 


This work has been carried out at the request of the D.S.I.R. Road Research Committee, 


whom we wish to thank for financial assistance. One of us (J. R. D.) also thanks the D.S.I.R. 
for a Maintenance Grant. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, February 8th, 1952.) 
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456. The Retardation of Benzaldehyde Autoxidation. Part IV.* Isol- 
ation of Chain-termination Products from 3:5: 3’ : 5’-tetramethyl- 
4 : 4’-diphenoquinone. 
By R. F. Moore and WILLIAM A. WATERS. 


A KINETIC study (Part III *) indicated that when 3: 5: 3’ : 5’-tetramethyl-4 : 4’-dipheno- 
quinone is used as a retarder of the benzoyl peroxide-catalysed autoxidation of benz- 
aldehyde it acts by combining with the free benzoyl radical, C,H;*CO*, probably to form 
4 : 4’-dibenzoyloxy-3 : 5 : 3’ : 5’-tetramethyldiphenyl. However, the true location of the 
added benzoyl group cannot be deduced by kinetic methods and the direct isolation of 
the chain-ending product was therefore undertaken. The dibenzoate has in fact been 
isolated but, as pure product, in the yield of 5% only. There was also produced a con- 
siderable quantity of a yellowish amorphous powder of indefinite m. p. (140—190°) which 
could not be purified. It would seem therefore that the kinetic analysis of this retarded 
autoxidation leads to a representation which very much simplifies the organic chemistry 
of the whole processes, and it may be recalled that a similar impression of the validity of 
kinetic study alone has previously been reached from studies of the retardation of benz- 
aldehyde autoxidation by phenols (compare Parts I and II, J., 1951, 812; 1952, 2420). 


Experimental.—3 : 5 : 3’ : 5’-Tetramethyl-4 : 4’-diphenoquinone. For the preparation of ade- 
quate quantities the following amplification of Auwers and Markovits’s method (Ber., 1905, 38, 
226) was used. Chromic oxide (20 g.), dissolved in the minimum of hot water, was diluted to 
200 c.c. with glacial acetic acid and added dropwise with stirring during 2 hours to a solution 
of m-2-xylenol (20 g.) in the same solvent (100 c.c.). Precipitation of the quinone commenced 
immediately. The reaction mixture was then warmed to 80° for 1 hour and kept overnight. 
The red precipitate was then collected, washed with glacial acetic acid, and crystallised from a 
dilute solution (1 g. in 75 c.c.) in this solvent, forming dark red needles (50%), m. p. 210—215° 
(decomp.). 

4: 4’-Dibenzoyloxy-3 : 5: 3’ : 5’-tetramethyldiphenyl. The quinone was reduced to the di- 
hydroxydiphenyl by zinc dust in hot acetic acid, as described by Auwers and Markovits, and 
was crystallised from glacial acetic acid to which had been added a small quantity of a solution 
of stannous chloride in hydrochloric acid, so as to prevent atmospheric re-oxidation. It formed 
colourless needles, m. p. 221°. This product was benzoylated by use of benzoyl chloride in 
pyridine solution, giving the dibenzoate, which crystallised from glacial acetic acid in colourless 
prisms, m. p. 218° (Found: C, 80-1; H, 5:7. C39H..O, requires C, 80-0; H, 5-8%). 

Isolation of products from the retarded benzaldehyde autoxidation. A solution of the quinone 
(8-7 g.) and benzoyl peroxide (9 g., 1 equiv.) in benzaldehyde (500 c.c.) at 80° was oxidised, 
under a reflux condenser, with a stream of dry air. After 18 hours the peroxide had all reacted 
and the solution was pale yellow. Benzaldehyde was then removed under reduced pressure, 
and the residue, in ether, was repeatedly extracted with 10% sodium hydrogen carbonate 
solution to remove benzoic acid and then with ice-cold 5% sodium hydroxide solution, which 
however, removed only a trace of tar. The residue, after drying and evaporation at 100° under 
reduced pressure, was a dark yellow gum (19-4 g.)._ In portions this was chromatographed on 
Brockmann alumina, fractions being eluted with graded light petroleum—benzene mixtures. 
The first eluates on evaporation yielded a white crystalline solid (0-4 g., from 10 g. of gum), 
m. p. 195—215°, which after twice recrystallising from glacial acetic acid separated in colour- 
less needles, m. p. 217—218° unchanged after admixture with the above dibenzoate (Found : 
C, 79-9; H, 5-8%). Further fractions from the column yielded pale yellow amorphous powders 
which melted over the range 140—190° and separated unchanged as such after dissolving in 
either methyl alcohol or light petroleum. Separation could not be effected by further chromato- 
graphy on alumina. 


This work has been carried out on behalf of the D.S.I.R. Road Tar Research Committee, 
whom we thank for financial assistance. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, February 8th, 1952.) 
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457. Reaction of Propiolactone with Indoles and Pyrrole. 
By J. HARLEY-MAson. 


REACTION of propiolactone with indole has been shown to give §-3-indolylpropionic acid 
(Harley-Mason, Chem. and Ind., 1951, 886). The reaction has now been extended to some 
substituted indoles and to pyrrole. 2-Methyl-, l-methyl-2-phenyl-, and 5-acetoxy-2- 
methyl-indole all gave the corresponding propionic acids. 2 : 3-Disubstituted indoles do 
not give the Ehrlich colour reaction, and the failure of the three products to give the 
reaction indicates that the propionic acid residue has entered the 3-position. Under 
similar conditions, 3-methyl- and 2 : 3-dimethyl-indole reacted with propiolactone to give 
acidic products which could not be purified. Pyrrole reacted readily to give a pyrrolyl- 
propionic acid, m. p. 85—86°, differing from the §-l-pyrrolylpropionic acid, m. p. 62°, of 
Clemo and Ramage (J., 1931, 49). It was therefore very probably $-2-pyrrolylpropionic 
acid since substitution in the pyrrole nucleus occurs normally in the 2- rather than in the 
3-position. 


Experimental.—B-2-Methyl-3-indolylpropionic acid. 2-Methylindole (1-3 g.) and propio- 
lactone (0-9 g.) were heated at 110° for 3 hours and then cooled. Ether (50 c.c.) was added 
with vigorous stirring and shaking. After 2 hours some amorphous material was filtered off 
and the filtrate extracted with aqueous sodium carbonate (10%; 3 x 30c.c.). The aqueous 
solution was acidified and the precipitated acid collected and recrystallised from water 
(charcoal). §-2-Methyl-3-indolylpropionic acid formed white needles, m. p. 138° (Found: 
C, 70:8; H, 6-5. C,,.H,,0,N requires C, 71-0; H, 6-4%). 

6-5-Hydroxy-2-methyl-3-indolylpropionic acid. 5-Hydroxy-2-methylindole (Nenitzescu, Bull. 
Soc. chim. Roumania, 1929, 11, 37) was dissolved in a mixture of acetic anhydride (8 c.c.) 
and pyridine (8c.c.). Next day the mixture was poured into ice-water, and the precipitated acetyl 
derivative collected and dried. The acetyl derivative (1-9 g.) and propiolactone (0-9 g.) were 
heated for 3 hours at 110°, and then treated with sodium carbonate as above. On acidification, 
a gummy precipitate was obtained. This was hydrolysed by boiling 5% sodium hydroxide 
solution (30 c.c.) under nitrogen, and the solution then acidified and extracted with ether. 
Removal of the ether left §-5-hydroxy-2-methyl-3-indolylpropionic acid which formed small 
prisms (from benzene-light petroleum), m. p. 182—183° (Found : C, 66-3; H, 6-2. C,,H,,0,N 
requires C, 65-8; H, 6-0%). 

B-1-Methyl-2-phenyl-3-indolylpropionic acid. 1-Methyl-2-phenylindole (2 g.) and propio- 
lactone (0-9 g.) were heated at 120° for 6 hours. After cooling the mass was ground and 
extracted with 2% aqueous sodium hydroxide (100 c.c.). Unchanged starting material was 
filtered off and the filtrate acidified, giving a sticky precipitate. Two recrystallisations from 
aqueous ethanol (charcoal) gave 8-1-methyl-2-phenyl-3-indolylpropionic acid as colourless prisms, 
m. p. 114—116° (Found: C, 77:3; H, 6-3. ©C,,H,,O,N requires C, 77-7; H, 6-1%). 

8-2-Pyrrolylpropionic acid. Pyrrole (1 g.) and propiolactone (1 g.) were heated for 2 hours 
at 100°. After cooling the deep red viscous melt was extracted with ether (50 c,c.) with vigorous 
shaking, and the solution decanted from insoluble gum, then extracted with aqueous sodium 
carbonate (10%; 3 x 20c.c.). The aqueous solution was carefully acidified with acetic acid, 
(not excess), and then extracted with ether. After drying (Na,SO,), removal of the ether left 
B-2-pyrrolylpropionic acid which formed small plates, m. p. 85—86°, from benzene-light 
petroleum (Found: C, 60-6; H, 6-5. C,H,O,N requires C, 60-5; H, 6-5%). 

UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, February 9th, 1952.) 





458. The Analysis of Pyridine Bases from Coal Tar by Infra-red 
Absorption Spectroscopy. 


By A. B. DENsHAM, D. J. LANGsTON, and G. GouGH. 


THE infra-red absorption spectra of the better-known pyridine homologues have been 
determined at the Chemical Research Laboratory, Teddington, and elsewhere, but no 
account of the use of these data for the analysis of mixtures of pyridine bases has been 
published. Infra-red spectroscopy has now been applied to the quantitative analysis of 
the pyridine, «-picoline, and a higher-boiling fraction obtained commercially from coal 
tar. No precise information was available on the composition of these products, and it 
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was found that the pyridine contained 1% of «-picoline, that the «-picoline contained 2-6% 
of pyridine and 0-2% of pyrrole, and that the higher-boiling fraction was a mixture of all 
three picolines and 2 : 6-lutidine. 

Table 1 gives a list of the bases expected to be present in these fractions, together with 
the infra-red absorption bands selected for analysis. The observed wave-lengths of the 
bands do not agree exactly with previously published values. 


TABLE 1. Bands used for analysis (wave-length in microns). 


Base Bands used 
Pyridine ................... 14:25 Solution in a-picoline This work 
14-25 Liquid C.R.L. No. 7 
PICNIC .....0205600000 9-55 Liquid This work 
9-55 Liquid C.R.L. No. 11 
9-49 Liquid A.P.I. No. 743 
13-34 Solution in paraffin This work 
13-32 Liquid C.R.L. No. 11 
13-24 Liquid A.P.I. No. 743 
PPO: oceiscsecrecacs 12-76 Solution in paraffin This work 
12-69 Liquid C.R.L. No. 10 
y-Picoline ............... 12-56 Solution in paraffin This work 
12-52 Liquid C.R.L. No. 9 
2: 6-Lutidine ......... 12-95 Solution in paraffin This work 
12-90 Liquid C.R.L. No. 8 
PINE ein sacarcisanernas 9-85 Solution in CS, This work 
9-83 Liquid Lord and Miller, J. Chem. Phys., 1942, 10, 328 
9-82 Liquid Randall, Fowler, Fuson, and Dangl, “ Infra-red 


Determination of Organic Structures,” 1949 
C.R.L. = Chemical Research Laboratory Spectrogram. 
A.P.I. = American Petroleum Institute Spectrogram. 


Table 2 shows the measured specific extinction coefficients used for the analysis. These 
have been calculated by assuming that the nominal cell thickness (0-05 mm.) was correct. 
The spectral slit width varied with wave-length from 10 to 20 cm.). All the bases in- 
vestigated gave linear Beer-Lambert law plots, passing through the origin. 


TABLE 2. Specific extinction coefficients, E}%a. (w/w). 
Wave-length in microns 9-55 9-85 12-56 12-76 12-95 13- 
a-Picoline in pyridine ............ 2-4 —_ 
Pyridine in a-picoline ............ 
Pyrrole in a-picoline ............ 


Lt 
— 
a 
_ 
os 
1] 
o 


11 | 
nw 
or 
°} 


a-Picoline in white spirit ...... — —- 0-15 0-05 0-25 19-2 — 
B-Picoline = a eae — — 1-25 9-5 0-95 0-2 -- 
y-Picoline i ca enmee — — 15-1 1-4 0-55 0-2 — 
2 : 6-Lutidine,, mers -- _— 0-25 0-75 16-4 0-55 + 


Experimental.—The bases used for calibration were purified from the best available starting 
materials. Pyridine was dried (NaOH) and purified by fractionation through a 100-plate 
column. «-Picoline as the oxalate was recrystallised from alcohol; the liberated base was 
dried (KOH) and fractionated through a 50-plate column. 6-Picoline, y-picoline, and 2: 6- 
lutidine were distilled and purified by fractional freezing (recommended by Dr. Herington of the 
Chemical Research Laboratory) followed by fractionation through a 100-plate column. Pyrrole 
was distilled shortly before use. No special precautions were taken to keep the bases dry. 

Commercial pyridine. A spectrogram of commercial pyridine showed no bands due to 
impurities, but both «-picoline and pyrrole were expected in small amounts. 

Absorption measurements at 9-55 » showed 1-0 + 0-2% of «-picoline. Pyrrole also absorbs 
strongly at 9-55. However, its boiling point is much closer to that of «-picoline than to that of 
pyridine, and, since there was so little pyrrole in the «-picoline (see below), it is unlikely that 
there was any appreciable amount in the pyridine. The pyrrole band at 9-85 yu is not sufficiently 
sensitive for estimation in pyridine. 

Commercial a-picoline. A spectrogram of commercial «-picoline showed a pyridine band at 
14-25 u, but no others. Absorption measurements showed 2-6 + 0-1% of pyridine. Pyrrole was 
expected because of the similarity of the boiling points, but absorption measurements showed 
only 0-2 + 0-15%. 

Tests with known additions to «-picoline showed that the limits of detection in a 0-075-mm. 
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cell were: 0-1% of y-picoline; 1% of B-picoline, though 0-1% could have been detected at 
14-1 uw in the absence of pyridines; and 0-8% of 2 : 6-lutidine, a 10% solution in carbon disulphide 
being used. There was no evidence of any of these in commercial «-picoline. 

Higher-boiling fraction. A spectogram of the higher-boiling fraction showed this to be a 
mixture of all three picolines and 2 : 6-lutidine. 

Extinction coefficients were determined for each of these constituents at each of four selected 
wave-lengths, solutions in paraffin of boiling range 150—160° being used. This solvent has no 
absorption bands at the wave-lengths used, and was obtained by stirring commercial white 
spirit twice with concentrated sulphuric acid, and washing and fractionating the residue. 

Analysis then involved the determination of log I,/I at the four wave-lengths, a 10% solution 
of the fraction being used. The solution of the four simultaneous equations can most easily 
be achieved by successive approximations, starting with the concentrations obtained by ignoring 
all but the strongest absorbing constituent at each wave-length. 

Results for two known mixtures and the higher-boiling fraction are shown in Table 3. 


TABLE 3. 
Composition, % wt./wt. 
a-Picoline B-Picoline y-Picoline 2: 6-Lutidine Total 
Known mixtures : 

(1) Actual composition ............ 27-2 33-8 18-4 20-6 100-0 
Composition found ............ 26-5 33-1 18-2 21-1 98-9 
BT dnxestccdsnssscssesansedenrers —0-7 —0-7 —0-2 —0°5 _~ 

(2) Actual composition ............ 18-0 25-5 23-0 33-5 100-0 
Composition found ............ 17-2 23-9 21-2 34-2 96-5 

SED cnhedtnainiietsdéeamepiacaeie —0-:8 +1-6 —1-8 +0-7 a 
Higher-boiling fraction ............... 13-1 34-1 24-9 25-4 97-5 
DGMCRNC a cccesccsccccszscnscsccecsves 14-1] 34-7 24-7 24-1 97-6 
OUD ss sasssnnssstnarincdonsssiscsies 13-6 + 1 34-4 + 1-5 24841 24-8 + 1-5 97-6 


The authors thanks are due to Mr. Golding, of the North Thames Gas Board, Products 
Works, Beckton, for the samples analysed, and to the Chemical Research Laboratory for 
spectrograms and advice on the purification of bases. 


FULHAM LABORATORY, NORTH THAMES GAs BOoarD, 


Kincs Roap, FuLHam, S.W.6. [Received, February 11th, 1952.) 


459. Action of Lithium Aluminium Hydride on (a) NN’-Diarylsulphonyl 
Derivatives of Dianthranilide, and (b) Photo-peroxides of 9 : 10-Diaryl- 
anthracene. 

By AHMED MUSTAFA. 


WHEN benzene solutions of NN’-diarylsulphony] derivatives (Ia—c) of dianthranilide are 
treated with excess of lithium aluminium hydride, the corresponding o-arylsulphonamido- 
benzyl alcohols (Ila—c) are obtained in an almost quantitative yield. ‘The structures 
of these products follow from the identity of (IIa) with a specimen obtained by the 
action of lithium aluminium hydride on o-phenylsulphonamidobenzoic acid (cf. the form- 
ation of o-aminobenzyl alcohol by the action of lithium aluminium hydride on anthranilic 
acid; Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 1197, 254 The products 
are colourless, soluble in aqueous sodium hydroxide whence they are regenerated by dilute 
hydrochloric acid (cf. Mustafa and Gad, J., 1949, 384), contain active hydrogen, and give 
the expected molecular weights. 





R‘SO, O R-SO, 
oO =e OC 
Aaa geet oon 

O R-SO, 


(a, R = Ph; b, R = p-C,H,Me; c, R = 1-C,H,.) 


The action of lithium aluminium hydride on the photo-peroxides (IIla—c) of 9 : 10-di- 
arylanthracene, in ether—benzene, yields (I[Va—c) respectively in an almost quantitative 
yield. In an analogous way, the action of lithium aluminium hydride on triphenylmethyl 
peroxide leads to triphenylmethanol [cf. the reduction of 5 : 6: 7 : 8-tetrahydro-l-naphthyl 
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hydroperoxide with lithium aluminium hydride to 5:6:7: 8-tetrahydro-1-naphthol 
(Sutton, Chem. and Ind., 1951, 272)}. 
R OR 


R 
om ODO mie OOO 


R’ ‘OH 
(a, R = Ph; b, R = m-C,H,Me; c, R = p-C,H,Me.) 





The action of lithium aluminium hydride on (I) is an example of the cleavage of the 
—C-N- linkage by this reagent [cf. the similar cleavage of diethylbenzamide (Nystrom 
and Brown, J. Amer. Chem. Soc., 1948, 70, 3738) and of cyclic lactams (Galinovsky and 
Weiser, Experientia, 1950, 6, 377)] and its action on (III) is an example of the cleavage 
of the -O—O- linkage. 

There is a formal analogy between the action of lithium aluminium hydride and the 
action of Grignard reagents on (I) and (III) (cf. Mustafa and Gad, Joc. cit.; Mustafa, J., 
1949, 1662). 


Experimental.—Action of lithium aluminium hydride on NN’-diarylsulphonyl derivatives (1) 
of dianthvanilide. The action of lithium aluminium hydride on NN’-dibenzene- (Ia) (Heller, 
Ber., 1916, 49, 547), NN’-ditoluene-p- (Ib) (Schroeter, Annalen, 1909, 367, 104), and NN’-di- 
naphthalene-«-sulphonyl-dianthranilide (Ic) (see below) was carried out in solvents dried over 
sodium. To pulverised lithium aluminium hydride (0-7 g.) (from New Metals and Chemicals 
Ltd., London) was added ether (50 c.c.). After 15 minutes, the NN’-diarylsulphonyl derivative 
(1 g.) in benzene (30 c.c.) was added in portions. The reaction mixture was refluxed for 3 hours 
and then set aside overnight at roomtemperature. After treatment with cold aqueous ammonium 
chloride solution, the ethereal solution was dried and evaporated; the reaction products were 
recrystallised from benzene and are reported in Table I. 

Preparation of NN’-dinaphthalene-a-sulphonyldianthvranilide (Ic). This was prepared as 
described for the $-derivative (Schroeter, Joc. cit.). 

o-Naphthalene-a-sulphonamidobenzoic acid. This acid is prepared by the action of naphth- 
alene-a-sulphonyl chloride (25 g.) on a boiling solution of anthranilic acid (12-5 g.) in aqueous 
sodium hydroxide (8%; 65g.). It forms colourless crystals, m. p. 226—227°, from dilute ethyl 
alcohol (Found: C, 62-1; H, 4:0; N, 4:3; S, 9-4. ©,,H,,;0,NS requires C, 62-4; H, 4-0; N, 
4-3; S, 98%). The yield is almost quantitative. It is easily soluble in hot benzene or xylene, 
but difficultly soluble in light petroleum (b. p. 40—60°). 

o-Naphthalene-a-sulphonamidobenzoyl chloride. The above acid (9 g.), phosphorus penta- 
chloride (6 g.), and benzene (30 c.c.) were heated until the solution became clear (ca. 3 hours). 
The solid chloride, that separated on cooling, crystallised from benzene as colourless crystals 
(ca. 60%), m. p. 168° (Found : C, 58-9; H, 3-5; N, 4:1; S,8-8; Cl, 9-8. C,,H,,O;NSCl requires 
C, 59:0; H, 3-5; N, 4-1; S, 9-2; Cl, 10-2%). 

NN’-Dinaphthalene-a-sulphonyldianthranilide (Ic). The acid chloride is boiled with an 
equal quantity of dry pyridine until the solution became clear. The reaction mixture, on cool- 
ing, followed by treatment with a large excess of cold ethyl alcohol, gave colourless crystals ; 
recrystallised from benzene, the disulphonamide had m. p. 248° (Found: C, 66-0; H, 3-6; 
N, 4:4; S, 10-4%; M, 605. C,,H,.O,N,S, requires C, 66:0; H, 3-6; N, 4:5; S, 104%; M, 
618). The yield is ca. 65%. (Ic) is soluble in hot benzene or xylene, but difficultly soluble in 
alcohol. The product (1-5 g.), when refluxed with freshly distilled aniline (20 c.c.) for 3 hours, 
gave colourless crystals (from benzene) of o-naphthalene-a-sulphonamidobenzanilide (ca. 75%), 
m. p. 156° (cf. Mustafa and Gad, Joc. cit.) (Found: C, 68-3; H, 4:6; N, 6-9. C,,H,,0,;N,S 
requires C, 68-6; H, 4:5; N, 6-9%). 


TABLE 1. Substituted o-arylsulphonamidobenzyl alcohols (11). 


Found, %: Required, % : 








Yield, ‘ : ‘ _ 

Aryl M.p. % Formula ae ae ae .: =a ss. 2 
eae 128° = 87S ss C43H,,30,NS* 59-2 47 50 121 593 49 53 12-2 
o-C,H,Me ...... 150 93 CHi,0,NS* 604 53 50 115 607 54 650 116 
BEG acceioses 108 91 C,,Hy,O;NS* 650 47 44 99 652 48 44 10-2 


* Found: Active H, 0-74%; M, 258. Reqd.: Active H, 0-76%; M, 263. * Found: M, 269. 
Reqd.: M, 277. © Found: M, 302. Reqd.: M, 313. 
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Action of lithium aluminium hydride on o-arylsulphonamidobenzoic acids. For comparison, 
{IIla—c) were prepared by the action of lithium aluminium hydride on o-benzene-, o-toluene-p’-, 
(Schroeter, Joc. cit.; Ullmann, Bleier, Ber., 1902, 35, 4274 respectively), and 2-naphthalene- 
a-sulphonamidobenzoic acids (see above) as described above, viz.: o-benzenesulphonamido- 
benzyl alcohol (IIa) (Found: C, 59-1; H, 5-2; N, 5-1; S, 11-9%) (yield, ca. 85%); o-toluene- 
p’-sulphonamidobenzyl alcohol (IIb) (Found: C, 60-5; H, 5-5; N, 5-1; S, 114%); (yield ca. 
81%); 2-naphthalene-«-sulphonamidobenzyl alcohol (Ic) (Found: C, 65-1; H, 4:8; N, 43; 
S, 10-1%). Identity was proved by m. p. and mixed m. p. 


TABLE 2. 9: 10-Diaryl-9 : 10-dihydro-9 : 10-dihydroxyanthracenes (IV). 


Found, % : Required, % : 
Aryl M. p. Yield, % Formula Cc H Cc H 

BW, -cpasdanoncevcctioncassie 255—256° 85 CygH 2.0, 85-5 5-3 85-5 5-3 
SD ecnscssesecssse 247 83 C,,.H,,O, 85-5 6-1 85-7 6-1 
a ener 273 87 CygH,,O, 85-7 5-9 85-7 6-1 


Action of lithium aluminium hydride on 9: 10-diarylanthracene photo-peroxides (I1la—c). 
The action of lithium aluminium hydride on 9: 10-diphenyl- (IIIa) (Pinnazi, Compt. rend., 1947, 
225), 9: 10-di-m-tolyl- (Willemart, Bull. Soc. chim., 1937, 4, 510) (IIIb), and 9: 10-di-p-tolyl- 
anthracene photo-peroxide (IIIc) (Willemart, Joc. cit.) was carried out as described above. The 
9 : 10-diaryl-9 : 10-dihydro-9 : 10-dihydroxyanthracenes (IVa—c) are identified by m. p. and 
mixed m. p. and colour reactions with sulphuric acid and are reported in Table 2. 

In an analogous way, triphenylmethyl peroxide afforded triphenylmethanol, in an almost 
quantitative yield, having m. p. 162° (from carbon tetrachloride) (identified by mixed m. p. and 
colour reaction with sulphuric acid) (Found: C, 87-5; H, 5-9. Calc. for C,gH,,0: C, 87-7; 
H, 61%). 

CHEMISTRY DEPARTMENT, FACULTY OF SCIENCE, 

Fovap I University, Giza, Carro, EGypt. (Received, February 2nd, 1952.) 


460. 3-Nitro-o-cresol. 
By R. Lone and K. SCHOFIELD. 


Two methods for obtaining 3-nitro-o-cresol * have been described; Gibson (J., 1925, 
127, 44) isolated it from the mixture of mono- and di-nitro-compounds formed in the 
nitration of o-cresol, whilst Deninger (J. prakt. Chem., 1889, 40, 299) and Astle and Cropper 
(J. Amer. Chem. Soc., 1943, 65, 2395) prepared the compound from o-toluidine. 

Deninger’s and Astle and Cropper’s method consisted in treating o-toluidine in 
sulphuric acid with nitrous acid, heating the resulting solution and adding to it more 
sulphuric acid, and finally isolating the product by steam-distillation. We found that 
the material so obtained was a mixture of at least two substances. It was, therefore, 
fractionally steam-distilled ; the desired nitrocresol was present in the very early runnings. 
However, unless large amounts of a mixture of 3-nitro-o-cresol and a higher-melting 
impurity were rejected, subsequent crystallisation was not sufficient to purify the product. 
The steam-distillation was therefore carried on so long as 3-nitro-o-cresol was judged to be 
present, and the material was then purified by vacuum-distillation. A second component 
isolated from the distillation was 3 : 5-dinitro-o-cresol,* which neither Deninger nor Astle 
and Cropper (locc. cit.) reported. 

In a number of large-scale experiments the effect of varying the conditions was studied. 
The temperature of the actual diazotisation seemed to be relatively unimportant. On the 
other hand, the temperature of decomposition of the diazonium salt solution was 
particularly important; it should be at least 70° (65° was indicated by Deninger), and in 
order to achieve the necessarily rapid decomposition it was essential to have the 50% 
sulphuric acid initially well above 70°. The quantity of sulphuric acid used for the 
decomposition appeared to bear a clear relation to the proportions of the two components 
obtained on steam-distillation; when a large excess was used, mono- and di-nitro- 
compounds were obtained in about equal amounts, whilst the minimum of sulphuric acid 
gave an approximate ratio of 5:1 in favour of 3-nitro-o-cresol. Deninger and Astle and 
Cropper (locc. cit.) added sulphuric acid to the heated diazonium solution; our first 

* Me = 1. 
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experiments were carried out similarly and indicated the formation of mixtures. Later 
we found it more convenient to carry out the decomposition in the opposite sense. Whilst 
this reversal may have affected the amount of each product formed, both modes of 
decomposition provided mixtures. Like Denigner we noticed the formation of nitric 
oxide during the reaction. 


Experimental.—An experiment with o-toluidine (10 g.) was carried out roughly as indicated 
by Astie and Cropper (loc. cit.). Diazotisation (with 30% aqueous sodium nitrite) was effected 
at 5—10°, and the resulting solution was added to sulphuric acid (50%; 250 c.c.) so that the 
temperature was never greater than 70°. More sulphuric acid (50%; 300 c.c.) was added, and 
when effervescence slackened the mixture was steam-distilled, the distillate being collected in 
250 c.c. fractions. The first fraction gave a product which formed yellow needles (2-8 g.), 
m. p. 48—50°, after crystallisation from ligroin (b. p. 80—100°). Each of the next six fractions 
similarly gave almost colourless feathery needles (4-96 g. in all) m. p. in the range 84—87°. 

The table records the results of a series of experiments, each of which was conducted as 
follows. o-Toluidine was dissolved in dilute sulphuric acid and diazotised by the addition of 
ca. 50% aqueous sodium nitrite, with stirring. The resulting solution was poured as rapidly 
as gas evolution permitted into sulphuric acid (50% vol./vol.), initially at 140°, the temperature 
during the decomposition being kept above 70° throughout (negligible yields resulted at 
decomposition temperatures below 70°). The black tarry liquid was then steam-distilled, the 
distillate was chilled, and the product collected. The yellow solid so obtained was dried 
(im vacuo) and distilled under reduced pressure, the fraction, b. p. 99—104°/7—-8 mm. being 
collected. The reaction liquid remaining from the steam-distillation contained black tarry 
material which dissolved in alkali to a deep yellow solution. 

Distillation of residues after removal of 3-nitro-o-cresol gave finally a fraction, b. p. 169— 
172°/6—8 mm. Recrystallisation of this from benzene-ligroin (b. p. 60—80°) provided almost 

Amine 


, . Temp. 50% 
o-Tolu- dissolved in Sodium ms H,SO, _— Crude Pure 
idine, conc. water, nitrite, diazn. used in product, product,’ Yield, 
g: H,SO,, 1. i. g- Moles*® (°c.) decomp., 1. g. g. % 
100 0-2 0-8 300 4-6 0—5 2 31-9 18-6 14 
107 = os 220 3-2 0—10 1-2 32 20-1 
214 0-4 1-2 552 4 5—8 1-5 81 63-0 21 
” ” * 2 a. 10—15 2-5 56 43-0 14-5 
” ” v 690 5 15—20 2 79¢ 57-0 19 
, ”» »» e oe 10—15 2-5 95° 72-0 24 


* Deninger (loc. cit.) mentioned the 1 se of 3 moles but described the use of 4 moles, and Astle and 
Cropper (loc. cit.) used 4-65 moles. ° Bright yellow crystals, b. p. 99—104°/8 mm., m. p. 68—70°. 
¢ In the steam-distillation 2—3 1. of distillate were collected. 

colourless, feathery needles, m. p. 86—86-5°, of 3 : 5-dinitro-o-cresol (Found: C, 43-2; H, 3-3. 
Calc. for C,H,O,;N,: C, 42-45; H, 3-1%). Early workers (see “ Beilstein,’ 4th edn.) stated 
that this compound was yellow, but Gibson (Joc. cit.) described it as ‘‘ colourless prisms.” 

The authors are indebted to the Medical Research Council for financial assistance. 


WASHINGTON SINGER LABORATORIES, 
PRINCE OF WALES Roap, EXETER. [Received, February 18th, 1952.) 


461. Substituted Benzidines and Related Compounds as Reagents in 
Analytical Chemistry. Part X.* The Titration of Small Amounts 
of Gallium. 


By R. BELcuerR, A. J. NUTTEN, and W. I. STEPHEN. 


GALLIUM has been determined by titration with ferrocyanide (Kirschman and Ramsey, 
J. Amer. Chem. Soc., 1928, 50, 1632; Ato, Sct. Papers Inst. Phys. Chem. Res. Tokyo, 1929, 
10,1). Standard potassium ferrocyanide solution containing a small amount of potassium 
ferricyanide is added to a weakly acidic solution (ca. 0-005n) of gallium trichloride and the 
end-point detected electrometrically. The ratio of gallium to ferrocyanide in the 
precipitated salt is 1-333, corresponding to the formula Ga,[Fe(CN),],. Hence, gallium 
ferrocyanide is a normal salt, whereas the ferrocyanides of zinc, cadmium, calcium, and 


* Part IX, J., 1952, 1269. 
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indium are double salts containing a univalent cation. The above workers determined 
relatively large amounts of gallium, the titration being carried out at ca. 40—50°. 
Undesirable potential drifts generally occur during potentiometric titrations of metals 
with ferrocyanide, especially near the end-point; they occur in the direct titration of 
gallium with ferrocyanide. 

Recently, 3: 3’-dimethylnaphthidine has been used as an internal indicator in the 
titration of zinc, cadmium, calcium, and indium with ferrocyanide (J., 1951, 1520, 3444). 
This indicator has also been modified by the introduction of the sulphonic acid group into 
the molecule and the resulting disulphonic acid applied to the determination of zinc and 
cadmium (J., 1952, 1269). Wenowrecord the use of both these indicators in the titration 
of gallium with ferrocyanide. Accurate results have been obtained on 0-74—2-94 mg. of 
gallium with an average error of -++-0-25%. 

When these indicators were used under the conditions of the potentiometric titration 
sluggish, ill-defined end-points were obtained. Acids and neutral salts completely 
prevented the formation of the red oxidised indicator complex. Sharp end-points were 
obtained, however, in weakly acidic solutions containing 30—35% of ethanol, the 
stoicheiometry of the reaction being unaffected. Neither indicator had any advantage 
over the other. A selection of results obtained with these indicators is listed in the table. 


0-01055m-Ga%+  0-0075m-K,Fe(CN), Ga** (mg.) Error, 
taken (ml.) added (ml.) present found Indicator % 
1-00 1-06 0-736 0-739 A +0-41 
1-50 1-58 1-103 1-102 B —0-09 
2-00 2-11 1-471 1-471 A 0-00 
2-40 2-52 1-765 1-757 B —0-46 
2-80 2-94 2-059 2-050 A —0-43 
3-00 3-17 2-207 2-210 B +0-11 
3-50 3-68 2-575 2-566 A —0-35 
4-00 4-22 2-942 2-942 B 0-00 


A = 3: 3’-Dimethylnaphthidine. 
B = 3: 3’-Dimethylnaphthidinedisulphonic acid. 
Experimental.—Solutions required. (a) Gallium trichloride, 0-0lmM. Approximately 0-01M- 
gallium trichloride was prepared by accurately weighing about 70 mg. of pure metallic gallium 
in a platinum boat and dissolving it in sufficient 4—5n-hydrochloric acid in presence of the 
platinum. When the gallium was dissolved, the liquid was carefully evaporated to dryness, the 
residue dissolved in a small quantity of water, and the solution re-evaporated. The gallium 
trichloride remaining was diluted to 100 ml. with 0-05n-hydrochloric acid. 
(b) Potassium ferrocyanide, 0-0075M, and potassium ferricyanide, 0-5% aqueous. See J., 1951, 
1520. 
(c) Indicator solutions. 3: 3’-Dimethylnaphthidine : 0-2 g. was dissolved in 100 ml. of 
ethanol. 3: 3’-Dimethylnaphthidinedisulphonic acid, 0-2% solution : see J., 1952, 1269. 
Procedure. Five ml. of 50% ethanol were added for each ml. of 0-01M-gallium solution taken. 
One drop of 0-5% potassium ferricyanide solution and two drops of indicator were then added, 
and the solution was titrated rapidly with standard potassium ferrocyanide until the red colour 
of the oxidised indicator began to fade. The ferrocyanide was then added dropwise with 
thorough shaking until the colour of the indicator changed to a permanent pale green. 


DEPARTMENT OF CHEMISTRY, THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM, 15. (Received, February 21st, 1952.) 


462. A Second Form of y-Carboxymethylenebutanolide, the 
Enol-lactone of 8-Ketoadipic Acid. 
By ULti EIsner, J. A. ELvipGe, and R. P. LINsTEAD. 

We have recently described the lactonisation of ®-ketoadipic acid to give y-carboxy- 
methylenebutanolide (I) with m. p. 184° (Eisner, Elvidge, and Linstead, /., 1950, 2223). 
We now find that this lactone changes slowly into a lower-melting form, m. p. 158—160° 
unchanged by repeated crystallisation. 

The new lactonic acid gives the same analytical figures (C,H,O,) as the original, has the 
same chemical properties and very similar light-absorption characteristics, but is less 
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soluble in organic solvents. Its methyl ester, m. p. 109°, prepared by reaction with 
diazomethane, appeared to be identical (mixed m. p.) with the lactonic ester (II), m. p. 
110°, originally made from the lactonic acid of m. p. 184° (Eisner et al., loc. cit.) and also 
obtained via the lactonisation of cis-cis-muconic acid (Elvidge, Linstead, Orkin, Sims, Baer, 
and Pattison, J., 1950, 2228). Furthermore, treatment of the previously described 
anhydride (III), m. p. 164°, with aqueous sodium hydrogen carbonate now yielded the 
lactonic acid of m. p. 158°, instead of the higher-melting form of (I) as before. 








—> (I), m. p. 184° 
CH,-CH om CH,CH  CHyCH 
l "Stcco-|o ———| 1 l * St:cH-CO,H CHIN, I *Ee-cH-CO,Me 
0-6 , NaHCO, | yea o-e ——> ¢o-6 
(IIT) New form, m. p. 158—160° —~ (II) 


The new, presumably more stable, form of the lactonic acid could be either a second 
crystal modification or, less probably, a geometrical isomeride. 

Experimental.—y-Carboxymethylenebutanolide, m. p. 158—160°. (a) Separate samples of the 
lactonic acid (I), m. p. 184° (Eisner e¢ al., loc. cit.), had been kept in a sealed tube in the dark, 
and in a desiccator in the daylight, for 1 year. Repeated crystallisation of these from a large 
volume of chloroform or from ethyl acetate afforded needles, m. p. 158—160° (decomp.), of the 
new form (Found: C, 51-05; H, 4-5. C,H,O, requires C, 50-7; H, 4:25%). Light absorption 
in dioxan : max. at 2260 A., ¢ = 22,700. The compound dissolved with effervescence in aqueous 
sodium hydrogen carbonate, and gave the colour reactions described previously for the higher- 
melting form. 

(b) B-Ketoadipic acid (10-6 g.) was kept for 3 days with acetyl chloride (80 c.c.; not 
redistilled). Evaporation of the solution to dryness under reduced pressure gave the anhydride 
(III) which crystallised from ethyl acetate—light petroleum (b. p. 60—80°) in prisms (5-5 g.), 
m. p. 164—165°, identical with the anhydride described earlier. The anhydride was dissolved 
in saturated aqueous sodium hydrogen carbonate, the solution filtered, and the filtrate acidified 
with aqueous hydrochloric acid. The precipitated acid, m. p. 152—153° (decomp.), crystallised 
from ethyl acetate as needles, m. p. 158—160° (decomp.) undepressed by the lactonic acid 
obtained under (a) above. 

Esterification. The lactonic acid, m. p. 158—160° (0-2 g.), in ethyl acetate was treated with an 
excess of ethereal diazomethane, and the solution evaporated under reduced pressure. From 
ether—light petroleum (b. p. 40—60°), the y-carbomethoxymethylenebutanolide crystallised as 
laths, m. p. 109° undepressed when mixed with a specimen of the ester earlier prepared from the 
lactonic acid of m. p. 184°. 


We are indebted to the Department of Scientific and Industrial Research for a maintenance 
grant (to U. E.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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463. Some Observations on Conjugation in Sulphones. 
By E. S. WAIGHT. 


THE qualitative molecular-orbital treatment by Moffitt and Koch (Trans. Faraday Soc., 
1951, 47, 7) reveals that different kinds and degrees of conjugation can arise in differently 
substituted unsaturated sulphones, depending on the number (one or two) and the con- 
figuration of the unsaturated groups attached to the sulphur atom. Thus it is predicted 

so that in diphenyl sulphones interaction between the phenyl groups involves a 
at */A\,_ vacant sulphur d-orbital and does not affect the sulphur-oxygen bonds. This 
LA SO type of conjugation (known as “‘ Case II ”) will be enhanced by substitution 
™ ch, 7 of electron-donating groups (e.g., Br, NH,) in the phenyl rings. On the other 

(I 


) hand, in compounds in which the nodal planes of the x-orbitals of the 
unsaturated and sulphone groups are perpendicular, as for example in diviny] 
sulphone and thiaxanthen 9 : 9-dioxide (I), conjugation will involve the sulphur—oxygen 
bonds (“‘ Case I’’). vik 
In order to test these conclusions the ultra-violet absorption spectra and S—O bond 
vibration frequencies have been measured for a number of unsaturated sulphones. 




















UMI 


[1952] Notes. 2441 


Ultra-violet absorption spectra of unsaturated sulphones (in absolute ethanol). 


Sulphone fee, & e 
Dipheny] .............00sccsssccrssccsssccssscorsseosssccesscoeees 2350 15,000 
Di-p-bromopheny] ............ssseseesseeeseeeseseeeeeeeeesees 2330, 2530 * 16,000, 27,000 
Di-p-aminophenyl eeadiiansancsasnauseuaiehantenbasssnnennanee 2610, 2950 — 28,300 
TE Ws ED cc cescssccsvnssssenceseastscscece 2350 8,900 


1 Low intensity (benzenoid) absorption in the region 2600—2800 A not reported. 
* Cf. Koch (J., 1949, 408) who reports only one maximum at 2500 A. 


The two intense maxima in di-p-bromo- and di-p-amino-phenyl sulphones are pre- 
sumably due to two distinct electronic transitions, which, however, are difficult to identify. 
Nevertheless, the increasing bathochromic shifts observed in substituting groups of in- 
creasing electron-donating powers agree with the theoretical predictions. The wave- 
lengths of the maxima of thiaxanthen 9 : 9-dioxide and diphenyl sulphone are identical, 
so that conjugation in the former compound must be no stronger than in the latter. 

While it has not been possible to measure the position of the absorption maximum for 
divinyl sulphone (which is below 1900 A), com- : ; d 
parison of the rising parts of the absorption curves _ U/#ra-violet absorption spectra (in EtOH). 
of this compound with those of ethyl vinyl ; . ’ , : 
sulphone (taken from Fehnel and Carmack, J. 
Amer. Chem. Soc., 1949, 71, 231) and oct-l-ene 
indicates considerable electronic interaction, 
although of unspecifiable type (see Fig.). 

The conjugation of unsaturated groups nor- 
mally results in decreases in the vibrational 
frequencies associated with those groups (cf. for 
example the data for carbonyl compounds given 
by Hartwell, Richards, and Thompson, /., 1948, 
1436). However, the S—O bond vibration frequency 
is higher in diphenyl sulphone than in dicyclohexy] 
sulphone and this has been attributed by Barnard, 
Fabian, and Koch (J., 1949, 2442) to the inductive 




















effect of the phenyl group more than outweighing 2100 2200. 3300 Figo 
its conjugative effect (cf. also Gordy, J. Chem. ALA 
Phys., 1942, 9, 204). The S-O bond vibration 1, Oct-1-ene. 


2, Ethyl vinyl sulphone. 


frequency of di-p-bromophenyl sulphone is 3, Divinyl sulphone. 


similarly greater than that for diphenyl sulphone, 
in agreement with the more powerful inductive electron-attraction of the #-bromophenyl 
group. Di-f-aminophenyl sulphone is insoluble in carbon tetrachloride and no other 
suitable solvent could be found. There is again no evidence of strong ‘‘ Case I’’ conjugation 
in thiaxanthen 9 : 9-dioxide, the S-O bond vibration frequency being very similar to the 
diphenyl sulphone frequency. The S—O bond vibration frequency of divinyl sulphone is not 
much greater than the frequency of diethyl sulphone, and since the electronegativities of 
the phenyl and the vinyl group are the same (Moffitt, Proc. Roy. Soc., 1950, A, 202, 548) 
this is indicative of some degree of conjugation of the vinyl and the sulphone groups. 


Valence vibration frequencies of the sulphone group (in carbon tetrachloride) (cm.) 





V3 "4 vso = (¥s + ¥1)/s v30 — ¥so Sat. 
Dipheny] ...........seessssesseeeeseeeessseeessees 1329 1160 1245 25 
Di-p-bromopheny] ............. - 1341 1162 1252 32 
Thiaxanthen 9 : 9-dioxide . 1167 1244 24 
Dicyclohexyl] ............00 1305 1134 1220 — 
[OS eee -- 1332 1138 1235 4 
BRU  pidesscecongqetdupnerenccoscesseldecmmnese 1323 1138 1231 _ 


The data presented support the conclusion that conjugation in diphenyl sulphones 
occurs by Moffitt and Koch’s ‘‘ Case II’’ mechanism and does not involve the sulphur- 
oxygen bonds. The predicted ‘‘ Case I’’ conjugation, involving the sulphur-oxygen 
bonds, is not detectable in thiaxanthen 9 : 9-dioxide but occurs weakly in divinyl sulphone. 


This result can be understood if it is remembered, as pointed out by Moffitt and Koch (loc. 
7R 
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cit.), that strong conjugation will be associated with groups of strong conjugating power 
(t.e., self-atom-polarisability or residual affinity) and that the vinyl group has considerably 
greater conjugating power than the phenyl group. 


Experimental.—Infra-red absorption spectra were determined with a Grubb-Parsons single 
beam spectrometer. Ultra-violet absorption spectra were determined with a Hilger Uvispek 
spectrophotometer. 

Materials. Diphenyl and di-p-aminopheny] sulphone were commercial samples recrystal- 
lised from ethanol and methanol and having m. p. 123° and 176° respectively. 

Diethyl sulphone was obtained by oxidising the corresponding sulphide in chloroform at 0° 
with aqueous sulphuric acid and powered potassium permanganate (Barnard, Fabian, and Koch, 
loc. cit). After crystallisation from ethanol it had m. p. 72°. 

Divinyl sulphone, kindly supplied by.Mr. E. N. Fettes of the Thiokol Corporation, New 
Jersey, was redistilled and had b. p. 102—104°/15 mm., n}* 1-4800. When heated with 
azobisisobutyronitrile (1%) at 100° for 1 hour, the sulphone polymerised to a yellow, highly 
insoluble solid. 

Pure samples of thiaxanthen 9: 9-dioxide and di-p-bromophenyl sulphone were kindly 
supplied by Dr. Hans Heymann (Harvard University) and Dr. J. Toussaint (University of 
Liége) respectively. The ultra-violet spectrum of the former is identical with that determined 
by Dr. E. A. Fehnel (private communication to the late Dr. H. P. Koch). 

Thanks are due to Dr. W. E. Moffitt for helpful discussion of this work which was carried out 
at the suggestion of the late Dr. H. P. Koch and is derived from a programme of fundamental 
research undertaken by the Board of the British Rubber Producers’ Research Association. 


British RUBBER PRODUCERS’ RESEARCH ASSOCIATION, 
48, TeEwin RoapD, WELWYN GARDEN City, HERTs. [Received, February 27th, 1952.) 





464. 9-Ketoferruginol and Its Identity with Sugiol. 
By C. W. Branpt and B. R. THoMas. 


From the neutral part of the resin extracted with alcohol from the wood of the 
New Zealand tree, rimu (Dacrydium cupressinum), a crystalline substance C,9H,,0, was 
isolated by Brandt and Thomas (N.Z. J. Sci. Tech., 1951, B, 33, No. 1, 30). Formation 
of a monoacetate, monobenzoate, and monomethy] ether as well as the slight but definite 
solubility in aqueous sodium hydroxide and the coupling with diazotized nitroaniline 
showed the substance to be a monohydric phenol. The second oxygen atom was ketonic, 
as a crystalline semicarbazone was slowly formed. 

The ultra-violet absorption spectrum of the compound indicates a p-hydroxyaceto- 
phenone grouping, as shown by the following comparisons of Amax. (my) (log « in parentheses) 
in alcohol solution (Morton and Stubbs, J., 1940, 1347) : 


OEE PETORGRCOROBRORORG. « oso ccocnsccccscccvccccnccesecesccesscesccoconessccccceoes 251, 327 (4-0, 3-5) 
IND peccnccscacescsnscscssnssonspeccersesscestsasseecsceseese 254, 316 (3-9, 3-5) 
ate Viiehdaeecobesseessessebivstesdssncssasssesoncisotaesinee 220, 276 (4-0, 4-1) 
NEERING) Siiccnnccnscuccadendéivncdodhsdesckasielenasbeccekaansecsess 233, 285 (4-2, 4-1) 
IE 80h Graslns car stvsncvepeesisarerccasshindaedsvesiimnmneniienetposepuncers — 283 (— 3-5) 


The phenolic diterpenoid, ferruginol, occurs in our resin (Brandt and Neubauer, 
J., 1939, 1031; Campbell and Todd, J. Amer. Chem. Soc., 1940, 62, 1287; 1942, 64, 928; 
Brandt and Thomas, loc. cit.), and its oxidation at the 9-position would yield a p-hydroxy- 
acetophenone grouping. Oxidation of ferruginyl acetate with chromic acid or of ferruginyl 
methyl ether with alkaline permanganate gave products which were identical (mixed 
melting points) with the acetate and the methyl ether of our compound C,9H,,Op. 

That oxidation is likely to occur most readily at the 9-position in a compound such as 
ferruginol is borne out by the work of Jacobsen (J. Amer. Chem. Soc., 1951, 73, 3463, and 
earlier work quoted by him). Formation of the carbonyl group at any other position in 
the saturated rings of ferruginol would not have resulted in any significant change in 
ultra-violet absorption spectrum. 

A comparison of 9-ketoferruginol (I) and its derivatives with the hydroxy-ketone sugiol 
(CygH_,0.) isolated from Cryptomeria japonica (Keimatsu, Ishiguro, and Fukui, J. Pharm. 
Soc. Japan, 1937, 57, 92; Huzii and Tikamori, ibid., 1939, 59, 116) leaves little doubt that 
the compounds are identical (see table below). On reduction and dehydrogenation of 
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sugiol methyl ether, 6-methoxyretene was obtained by the Japanese workers. The position 
of the ketonic group was however not fixed. 


9-Ketoferruginol sugiol 


TNO NE | noi. c ices ic siscccccssce 295—297° 283—284° Me, 
BD: . avctinesicvcccoccsecessugivccs 165—167 165 yo 
SE atichacadieniohsntiniaiamiabigiaainien 185—186 185—186 =o 
PUI | icin ctbneasepssscneesions 136—137 137 4N, 
SERMEREURSORS «.....00000cccccsccess 242—245 246 ~ | Pr 
ET Scnviacegusesnsposesansedecteress +20° (in alcohol) +34° (in pyridine) XY 

D edicpisemebuarodiennsonnneenoeunese 283 my about 286 my (I) 


Experimental.—9-Ketoferruginol was obtained in approx. 0-01% yield from rimu sawdust, 
and the benzoate, methyl ether, and semicarbazone were prepared as previously described 
(Brandt and Thomas, loc. cit.). 

9-Ketoferruginyl acetate. 9-Ketoferruginol (20 mg.) was kept in acetic anhydride (2 ml.) 
and pyridine (1 ml.) for 15 hours, and the excess of reagent was decomposed and removed in the 
usual manner. The product (18 mg.), crystallised from light petroleum and sublimed under 
reduced pressure, had m. p. 165—167° (Found: C, 77-6; H, 9-0. Calc. for C,,H,,0,: C, 77-2; 
H, 8-8%). 

Oxidation of ferruginol with chromic acid. Ferruginyl acetate (500 mg.) and chromic oxide 
(220 mg.) in acetic acid (10 ml.) were heated on the water-bath for 45 minutes. After dilution 
with water the product was extracted with ether and recrystallised twice from light petroleum ; 
this gave 170 mg. of m. p. 161—163° alone or mixed with the acetate of the keto-phenol from 
rimu. The acetate was chromatographed but only a small amount of the pure acetate was 
recovered. The remainder of the product was obtained from the acetone eluate as free keto- 
ferruginol. 

Oxidation of ferruginyl methyl ether with potassium permanganate. Ferruginyl methyl ether 
(400 mg.) and excess of alkaline permanganate solution were heated on the water-bath with 
occasional shaking for 20 hours. The reaction mixture was treated with sulphur dioxide until 
clear and then extracted with ether. The product, which contained no acid, was crystallised 
from light petroleum; it (90 mg.) had m. p. 130—132°. Recrystallisation from alcohol gave 
plates, m. p. 138—139°, Amax. 231 and 279 my (log e 4-3, 4-2) (Found: C, 79-9; H, 9-7. Calc. 
for CiH 300s : C, 80-2; H, 96%). A mixed m. p. with the methyl ether of the compound from 
rimu resin was undepressed. 


We thank the Director, Dominion Laboratory, Department of Scientific and Industrial 
Research, Wellington, New Zealand, for permission to publish this work. 


Dominion LaBoraTory, D.S.I.R., 
WELLINGTON, N.I., NEW ZEALAND. (Received, March 11th, 1952.) 


465. Pyridinium Sulphates derived from Cholesterol and 
Lanostadienol. 


By M. J. BircHENOUGH and H. BuRTON. 


SINCE it has been shown that cestrone and related compounds are frequently excreted as 
sulphates, interest has been aroused in the steroid sulphates. A convenient method has 
been described by Sobel and Spoerri (J. Amer. Chem. Soc., 1941, 68, 1259) for the 
preparation of cholesteryl pyridinium sulphate, by the interaction of cholesterol in benzene 
solution and pyridine-sulphur trioxide. Cholesteryl pyridinium sulphate gives foaming 
solutions (probably colloidal) in water, but is only moderately surface-active. epiCholesteryl 
pyridinium sulphate has been prepared by Sobel’s method for comparison, and the salts 
have been found to have a comparable effect in lowering the surface tension of water. 
With the du Noiiy tensiometer, aqueous solutions of both pyridinium sulphates gave a 
minimum value of 35—36 dynes/cm. at 25° in the concentration range M/1000 to M/5000. 
Thus the inversion in configuration at C,, does not appear to have any effect on surface 
activity. 

The method of preparation can be extended with minor modifications to derivatives of 
lanostadienol (formerly known as lanosterol), a triterpene alcohol which occurs with 
cholesterol in wool wax. Although a reference has been made to “ lanosteryl pyridinium 
sulphate ’’ (Sobel, Joc. cit.), the product was certainly not homogeneous, since lanostadienol 
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itself has not been isolated by the technique described, and the analytical values reported 
differed widely from the theoretical. Though it is difficult to isolate lanostadienol from wool 
wax, the derivatives lanostenol (dihydrolanosterol) and y-lanostadienol (dihydroagnosterol) 
are readily obtainable pure, and the derivatives prepared from these triterpene alcohols are 
described below. Like the cholesterol analogue, lanostenyl pyridinium sulphate and the 
y-lanostadieny] derivative give precipitates of the alkali-metal salts when aqueous solutions 
are treated with sodium or potassium chloride solution. The pyridinium salts are much 
less soluble in water (the lanosteny] salt being the more soluble and dissolving to the extent 
of approximately 0-05°%, w/v at 25°) than cholesteryl pyridinium sulphate, and the very 
low solubility limits a comparison of their surface activity. They have a smaller effect in 
lowering the surface tension of water, the lowest value obtained for a saturated solution of 
lanostenyl pyridinium sulphate being 45 dynes/cm. at 25°. None of the pyridinium 
sulphates appeared to be an effective emulsifying agent. 


Experimental.—epiCholesteryl pyridinium sulphate, prepared*by Sobel’s method (loc. cit.), 
had m. p. 163—164° (Found: S, 5:7. C,,H,y,O,S,C;H,;N requires S, 5-9%). Lanostenyl 
pyridinium sulphate was prepared as follows: lanostenol (3 g.) in anhydrous benzene (50 ml.) 
was stirred at 50—55° with pyridine-sulphur trioxide (1-2 g.) for 30 minutes. The reaction 
mixture was cooled to room temperature and light petroleum (150 ml.; b. p. 60—80°) was 
added. After 10 minutes the suspension of lanostenyl pyridinium sulphate was decanted from 
the excess of the reagent, and filtered. The residue was washed with benzene-light petroleum 
(1: 4) and dried in a vacuum (yield, 2 g.). The product dissolved largely in chloroform (50 ml.) 
and after filtration from traces of pyridine-sulphur trioxide, the solution gradually deposited 
long needles, which after one crystallisation from chloroform had m. p. 216—217° (sintering 
at 202°), [a]i® +41-7° (c, 2:015% in chloroform) (Found: C, 71:0; H, 9-6; S, 5-3. 
Cy9H,,0,S,C,;H,N requires C, 71-55; H, 9-7; S, 5-45%). y-Lanostadienyl pyridinium sulphate 
similarly prepared, had m. p. 234—235°, [a]}? +57-3° (c, 0-803% in chloroform) (Found: S, 5:1. 
C39H 590,5,C;H,N requires S, 5-5%). 

We thank Mrs. S. B. David for the preparation of epicholesteryl pyridinium sulphate and 
Professor C. W. Shoppee for a gift of epicholesterol. 


KinGc’s CoLLEGE oF HousEHOLD & SOcIAL SCIENCE,’ 
(UNIVERSITY oF LonpDon), W.8. [Received, March 21st, 1952.] 


466. Preparation of Crystalline Nitrides of Vanadium and 
Niobium. 
By F. H. PoLtiarp and G. W. A. Fow Les. 


THE normal methods used to prepare the nitrides of vanadium and niobium, viz., action of 
nitrogen on heated mixture of oxide and carbon, yield amorphous products which are not 
always suitable for chemical studies. Pollard and Woodward's continuous process (J., 1948, 
1709) for preparing titanium nitride on a filament from titanium tetrachloride in the presence 
of nitrogen and hydrogen has been found convenient (with appropriate modifications) also 
for vanadium and niobium nitrides and provides crystalline products suitable for high- 
temperature studies (see Pollard and Woodward, Trans. Faraday Soc., 1950, 46, 190). One 
of the main factors for success is the control of the filament temperature, since this is critical 
for crystal growth and differs for different nitrides, viz., TiN, 1250—1450°; NbN, 1340— 
1350°; VN, 1500—1570°. As the nitrides have a lower electrical conductivity than the 
metal filament, the current has to be continuously increased, to counteract the cooling effect 
of the outer surface growth of the nitride and maintain the critical temperature. Good 
growths of vanadium nitride can thus be obtained, but niobium nitride could only be 
obtained as small crystals, difficult to analyse accurately. 


Experimental.—The apparatus and procedure were similar to those already described earlier 
(J., 1948, 1709). 

Vanadium tetrachloride, prepared by passing chlorine over pure vanadium metal powder at 
400°, yielded a product free from ferric chloride (Calc.: V, 26-3; Cl, 73-8. Calc. for VCl,: V, 
26-4; Cl, 73-6%). 
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Niobium pentachloride was prepared by Alexander and Fairbrother’s method (/., 1949, 
S 223). 

Vanadium nitride. The proportion of vanadium chloride in the carrier gas stream (nor- 
mally equal volumes of nitrogen and hydrogen) was controlled by a bath surrounding the 
liquid vanadium tetrachloride. Increase of the proportion of vanadium tetrachloride in the gas 
phase by change of temperature from 0° to 40° resulted in increasing deposits on the filament, 
but above 40° there was considerable loss of tetrachloride by condensation and decomposition 
on the walls of the reaction vessel. On the whole, more satisfactory crystals were obtained with 
the bath at 20°. 

Changes in the total pressure of the carrier gas indicated that crystal size was independent 
of the pressure, though at too high a pressure the weight of the deposit decreased slightly, prob- 
ably owing to cooling effects on the filament. 

Variations in the thickness of the filament showed that for mechanical reasons, viz., breakage 
and end losses, it was best to use wire of 0-20-mm. diameter. Tungsten wire was generally used 
though successful growths were also obtained with molybdenum. Tantalum wire absorbed 
hydrogen too readily, and platinum had too low a melting point and soon fused. 

Filament temperatures below 1350° gave amorphous black deposits consisting of metallic 
vanadium, partly nitrided, and at 1400° crystals began to grow but the deposit was small and 
rapidly became coated with an amorphous layer. Over a range of temperatures from 1400° to 
1570°, the growth of crystals improved, but at higher temperatures the centre of the filament 
was left bare, although good crystals form on each side. Observations on the changes in current 
through the filament as the crystals grow show that there is an initial period of nucleation fol- 
lowed by an even rate of current increase corresponding to the growth of the nitride as a ‘‘cylin- 
der ”’ (cf. Pollard and Woodward, loc. cit.). The rate of increase later slows down perceptibly 
and at this stage the filament darkens quite suddenly as the amorphous deposit starts to form. 
Thus, the current changes are a good indication of success. 

Optimum conditions are : filament temp., 1540—1570°; total pressure of carrier gas (equal 
volumes of nitrogen and hydrogen), 50—60 cm. Hg; v. p. of VCl,, 5—8 mm., i.e., temp. of 
surrounding bath 20°; tungsten filament, 0-20-mm. diameter. 

The product is obtained as yellowish-brown cubic crystals [Found : V (colorimetrically as the 
H,O, complex), 77-8 + 1. Calc. for VN: V, 78-4%]. 

Niobium nitride. As the niobium pentachloride was a solid (m. p. 209-5°) with an appre- 
ciable vapour pressure at 150—200°, it was necessary to replace the usual trap for the liquid 
chlorides by a tube surrounded by an electrically heated furnace. The glass tubing and mercury 
cut-off leading to the reaction vessel were also heated to about 180° to prevent undue deposition 
of the pentachloride. The carrier gases were led over the heated niobium pentachloride, a fairly 
smooth flow of pentachloride vapour being thus obtained. 

The temperature of the filament was most critical, amorphous growths being obtained below 
1340°, whereas above 1360° there was usually no deposit. 

Optimum conditions were: filament temp., 1340—1350°; total pressure of carrier gas, 60 
cm. Hg; v. p. of NbCl,, 40—50 mm. Hg, produced by the electric furnace at 175°. 

The product formed silvery-grey crystals, containing a considerable amount of nitrogen, but 
no satisfactory analysis could be made since the crystal growth was small. 


THE UNIVERsITY, BRISTOL, 8. [Received, March 17th, 1952). 


467. The Oxidation of 4-Methylcatechol in Aqueous Solution by 
Ferric Ion. 
By H. Burton and H. B. Hopkins. 


THE oxidation of monohydric phenols in aqueous solution has been studied by several 
workers (see, for example, Cosgrove and Waters, J., 1951, 1726), but there is little reported 
work on the corresponding oxidation of dihydric phenols. Majima and Takayama (Ber., 
1920, 53, 1914) investigated the oxidation of 2 : 3-dihydroxytoluene with aqueous ferric 
chloride. Reduction of the oxidation product by zinc and acetic acid, followed. 
by acetylation, yielded 4:5: 4’ : 5’-tetra-acetoxy-3 : 3’-dimethyldiphenyl. The same 
compound was obtained by the oxidation of 2-hydroxy-3-methoxytoluene under similar 
conditions, followed by reduction, demethylation, and acetylation. This established the 
structure of the original oxidation product, for in the oxidation of 2-hydroxy-3-methoxy- 
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toluene, coupling would necessarily occur in the position para to the hydroxy-group, both 
ortho positions being blocked. 

We now report the oxidation of 4-methylcatechol (3 : 4-dihydroxytoluene) in aqueous 
solution by ferric acetate and by siiver oxide. The black iron-containing precipitate 
obtained on mixing aqueous solutions of 4-methylcatechol and ferric acetate was suspended 
in dilute sulphuric acid and treated with sulphur dioxide. The product obtained by 
ethereal extraction was acetylated to yield a colourless crystalline acetate, m. p. 135—136°. 
On shaking an aqueous solution of 4-methylcatechol with silver oxide a red solution was 
obtained. The addition of o-phenylenediamine, dissolved in dilute acetic acid, to this 
solution resulted in the immediate formation of a yellow precipitate, indicative of the 
presence of a 1 : 2-diketone or a 2-hydroxy-l-keto-compound in the solution. It was 
not possible to identify this precipitate. The red solution was decolorised by sulphur 
dioxide; the ether-soluble product was acetylated to give a small amount of the above 
acetate. 

Analytical and molecular-weight data indicated that the acetate was a tetra-acetoxy- 
dimethyldiphenyl. Of the three possible structures (I, II, III) for this compound, (I) is 


Me _Me Me Me _Me Me 
V4 S GY S ie S VA S aoe S—< Soae 
AcO OAc AcO OAc AcO OAc AcO OAc OAc ~ OAc 


(I) (II) (III) 


known to have m. p. 110—112° (Asano and Gisvold, J. Amer. Pharm. Assoc., 1949, 38, 
172). Previous investigations (for example, the above oxidation of 2 : 3-dihydroxytoluene) 
indicate that when there is a possibility of coupling either ortho or para to a hydroxy- 
group, a para position is preferred. Further, the formation of (II), in which all four 
positions ortho to the Ph-Ph linkage are substituted, would seem unlikely from steric 
considerations. We accordingly suggest that the tetra-acetate is (III). 

The course of the reaction with ferric ions is presumably as illustrated below 


aN n - 1 i ~ 
, VA 
Fet+ y = ’ 
(ou — Os oY ( ko 
H H H H 


in ~~ Fe*+ V4 \ 
by \ 
(IV) H OH 3 H H 


(cf. Cosgrove and Waters, loc. cit.); the black precipitate obtained is undoubtedly an iron 
complex of (IV) (cf. Burton and Stoves, Nature, 1950, 165, 569), and its formation indicates 
that 2 : 2’-dimethyldipheny]l-4 : 5-4’ : 5’-diquinone is not produced. In accordance with 
expectations no metal complex was formed during the oxidation with silver oxide. 

The oxidation of tolu-2 : 5-quinol by ferric ions under similar conditions gave, as 
expected, after reduction of the intermediate quinone, the original quinol; formation of a 
metal complex would not be expected to occur. 


Experimental.—4-Methylcatechol, m. p. 64-5—65°, was crystallised from benzene-light 
petroleum (b. p. 60—80°). 

Oxidations with Ferric Ion.—(i) Anhydrous ferric chloride (24 g., 0-148 mol.) was dissolved 
in water (150 ml.), and saturated sodium acetate solution added until Congo-paper just remained 
red. This solution was then added during 5 minutes to a solution of 4-methylcatechol (4-5 g., 
0-036 mol.) in water (50 ml.) with stirring, which was continued for a further hour. The black 
suspension was then filtered, and the black residue washed with water and suspended in dilute 
sulphuric acid. Sulphur dioxide was passed for 2 hours, the clear yellow solution being then 
saturated with sodium chloride and repeatedly extracted with ether. Removal of the ether 
left a red-black oil which was acetylated by adding acetic anhydride (15 ml.) and a little 60% 
perchloric acid. After several hours, the solution was poured into water and subsequently 
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extracted with ether. The yellow oil obtained on evaporation of the ether was freed from 
acetic acid in a vacuum desiccator over solid sodium hydroxide. The crude acetate (4-6 g., 61%) 
on repeated recrystallisation from ethanol gave 4: 5: 4’ : 5’-tetra-acetoxy-2 : 2’-dimethyldiphenyl, 
m. p. 135—136° (Found: C, 63-9; H, 53%; M, 409. C,,H,,O, requires C, 63-7; H, 5-4%; 
M, 414). 

(ii) Tolu-2 : 5-quinol (1-5 g.) and ferric chloride (8 g.) under the same conditions gave a dark 
red solution. From the subsequent treatment, only tolu-2 : 5-quinol diacetate was obtained. 

Oxidations with Silver Oxide.—(a) Silver oxide [prepared by the addition of a slight excess of 
saturated barium hydroxide solution to an aqueous solution of silver nitrate (18 g., 0-094 mol.), 
followed by repeated washing by decantation with water] was suspended in water (100 ml.), and 
a solution of 4-methylcatechol (2-9 g., 0-023 mol.) in water (25 ml.) added rapidly. The 
suspension was shaken in a stoppered bottle for 35 minutes and then filtered. Sulphur dioxide 
was passed for 2 hours through the red filtrate, which was then treated as previously described ; 
crystalline material (0-08 g.) was obtained on allowing an ethanol solution of the oily product to 
stand for 2 weeks. Recrystallised from ethanol, the diphenyl had m. p. 134—135° (Found : 
C, 63-7; H, 5-5%), alone or in admixture with the product from the ferric chloride oxidation. 

(b) To one-half of the filtrate obtained by oxidising 4-methylcatechol (3-0 g., 0-024 mol.) as 
described under (a), was added o-phenylenediamine (2 g., 0-018 mol.) in dilute acetic acid. The 
yellow precipitate was filtered off and washed with dilute acetic acid and then with water. On 
drying in a vacuum a yellowish-brown solid (0-1 g.) was obtained; this darkened at 143° and 
changed to a black tar at 157—160°. There was no improvement in m. p. after crystallising 
the solid from chloroform-light petroleum (b. p. 40—60°). 


We thank Low Temperature Carbonisation Ltd. for a gift of 4-methylcatechol. 


Kinc’s COLLEGE OF HOUSEHOLD AND SOCIAL SCIENCE, 
(UNIVERSITY OF LONDON), W.8. [Received, March 25th, 1952.) 


468. The Raney Nickel Desulphurisation of 8-Benzyl-N-phthaloyl- 
L-cysteine. 
By D. Fires and K. BALENovIc. 


In our studies on the configuration of amino-acids we needed to desulphurise some optically 
active amino-acids containing sulphur. Our preliminary investigations with Raney 
nickel were made on S-benzyl-N-phthaloyl-t-cysteine, and N-phthaloyl-t-alanine was 
thus obtained. 

Conversion of L-cysteine into optically active a-alanine on a preparative scale has 
hitherto not been described. By thermal decomposition of cysteine hydrochloride Mérner 
(Z. physiol. Chem., 1904, 42, 349) obtained, along with other products, Di-alanine; and 
Mauthner (ibid., 1912, 78, 28) obtained pi-alanine by reduction of L-cystine with zinc in 
concentrated aqueous ammonia. 

Turner, Pierce, and du Vigneaud (J. Biol. Chem., 1951, 198, 359) desulphurised oxytocin 
with Raney nickel and found, on chromatography of the hydrolysate on starch, an increase 
in alanine content in direct ratio to the amount of cystine present. 


Experimental.—S-Benzyl-N-phthaloyl-t-cysteine, [«]}? —151° (1-36 g., 0-004 mole) (prepn. : 
J. Org. Chem., in the press) was heated under reflux for 4 hours with Raney nickel C (5 g.) 
(Hurd and Rudner, J. Amer. Chem. Soc., 1951, 78, 5157) in absolute ethanol (100 c.c.), and left 
overnight at room temperature. The nickel was removed by filtration and washed with 
absolute ethanol (50 c.c.), and the combined filtrate and washings were evaporated to dryness. 
The dark brown oily residue (450 mg.) was dissolved in benzene (15 c.c.) and shaken with 5% 
hydrochloric acid (3 x 10 c.c.) and water (10 c.c.). The benzene solution was dried (Na,SO,) 
and evaporated, giving N-phthaloyl-1-alanine (350 mg., 40%) which, recrystallised from ethanol- 
water, had m. p. 150—151°, [a]?? —18-3° + 0-7° (c, 2-63 in ethanol) (Found: C, 60-3; H, 4-5. 
Calc. for C,,H,O,N: C, 60-3; H, 41%). Fischer (Ber., 1907, 40, 499) reported [a]? 
—17-8° + 0-2° (c, 8-13 in ethanol) and m. p. 150—151° (corr.). 


UNIVERSITY CHEMICAL LABORATORY, 
ZAGREB, YUGOSLAVIA. (Received, March 3rd, 1952.) 
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469. A New Synthesis of «y-Diaminobutyric Acid. 
By R. O. ATKINSON and F. PoPPELSDORF. 


DL-«y-DIAMINOBUTYRIC ACID is of interest because of its isolation from hydrolysates of 
the antibiotic polypeptide, zrosporin (Catch and Jones, Biochem. J., 1948, 42, lii), It has 
been prepared from glutamic acid by the Schmidt reaction (Rothschild and Fields, J. Org. 
Chem., 1951, 16, 1080), by Hofmann degradation of glutamine (Synge, Biochem. J., 1939, 
33, 671) and by catalytic hydrogenation of ethyl pyrazolone-3-carboxylate, prepared 
from ethyl acrylate and diazomethane (Carter, Abeele, and Rothrock, J. Biol. Chem., 
1949, 178, 325). 

We found that the amino-acid may be prepared more readily and in good yield by the 
following method: acraldehyde and phthalimide, in presence of Triton B, give $-phthal- 
imidopropaldehyde, which is converted into the amino-acid by the Strecker method (overall 
vield, 43° based on acraldehyde). 

The corresponding hydantoin was also prepared, but yielded only a small amount of the 
amino-acid on acid hydrolysis. 


Expevimental.—B-Phthalimidopropaldehyde. Acraldehyde (224 g., 4 moles) was added to 
ethyl acetate (2 1.) in a flask fitted with a stirrer and reflux condenser. Phthalimide (588 g., 
4 moles) was added, and the mixture heated to 60° with rapid stirring. Triton B (60% benzyl- 
trimethylammonium hydroxide solution) (8 c.c.) was added in two equal portions. The 
suspended imide rapidly dissolved. The mixture was stirred and heated for a further 
15 minutes, and then concentrated to low bulk in vacuo. The resultant crystalline aldehyde was 
washed with ether, dried (796 g., 98%), and recrystallised from hot water, to give silky needles, 
m. p. 125—126° (uncorr.) (Found: C, 65-0; H, 4:5; N, 6-9. C,,H,O,N requires C, 65-0; H, 
4:5; N, 7-0). The semicarbazone, recrystallised from aqueous alcohol, had m. p. 229° (uncorr.) 
and the 2 : 4 dinitrophenylhydrazone, recrystallised from acetic acid, melted at 207° (uncorr.). 

DL-«y-Diaminobutyric acid monohydrochloride. The aldehyde (40-6 g., 0-2 mole) was added 
to sodium metabisulphite (19 g.) in water (150 c.c.), and the mixture stirred and cooled. A 
solution of sodium cyanide (10 g., 0-2 mole) in water (15 c.c.) was added at such a rate that the 
temperature did not exceed 30°. After 1 hour the mixture was extracted with ether. The 
extract was washed with hydrogen sulphite solution, dried (Na,SO,), and concentrated, to give 
a white crystalline mass of the crude cyanohydrin (41-6 g., 90%), m. p. 99—100°. This was 
added to ethyl alcohol (1 1.) saturated with ammonia, and kept for 3 days at room temperature. 
Concentration gave the crude semi-solid aminonitrile which was too unstable to heat and too 
insoluble for purification. Hydrolysis by refluxing hydrochloric acid (200 c.c.) for 6 hours, 
followed by cooling, removal of phthalic acid, evaporation to dryness, and treatment of the 
alcoholic extract with pyridine gave the monohydrochloride which, recrystallised from aqueous 
alcohol, had m. p. 228—230° (uncorr.) (13-4 g., 48-4% calc. on cyanohydrin) (Found: N, 17-8; 
Cl, 22-8. Calc. for CgH,,O,N,Cl: N, 18-1; Cl, 23-0%). The dipicrate, crystallised from water, 
had m., p. 188—189° (decomp.). 

5-2’-Phthalimidoethylhydantoin. §-Phthalimidopropaldehyde (120 g., 0-6 mole) was added 
to sodium metabisulphite (60 g.) in water (400 c.c.). The mixture was stirred rapidly and a 
solution of sodium cyanide (55 g., 1-1 moles) and ammonium carbonate (264 g., 3 moles) in 
water (450 c.c.) was added, followed by ethyl alcohol (450 c.c.). The mixture was stirred for 
4 hours at 50—55°, cooled, and filtered. The filtrate was acidified, concentrated to one-third 
of its volume, and filtered, to give the crude hydantoin (94 g., 57:-5%), m. p. 183—184°. 
Recrystallised from hot water it had m. p. 186—187° (uncorr.) (Found: C, 56-5; H, 4:2; N, 
14-4. C,,;H,,0,N; requires C, 57-1; H, 4:0; N, 15-1%). Hydrolysis by hydrochloric acid for 
6 hours at 150° gave only a very small yield of the amino-acid. 


We thank the Directors of the British Drug Houses Ltd. for permission to publish this work. 


Amino Acips DEPARTMENT, THE British DruG Housss, LtTp., 
Lonpon, N.1. (Received, February 28th, 1952.) 
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